This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 




lU 



|. . / ^Srt BaTT* v-^ WORLD INTELLECTUAL PROPERTY OROANIZATIOrc ' / 

I ' ^ l <*'*^' * ' Imtnwional Bumu 




1NTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(91) 



C12N 15/00,7/00,9/00 
C12* 21/02, C12N 9/00 



Al 



(11) 
(43) 



PtMkatlM Na.bert WO 89/ 08145 
Pablleattoa Date: 8 September 1989 (08.09.89) 



(21) 
(22) li 



ApfUeMtoaNnAtr: PCT/US89/00693 
Flltag Date: 24 February 1989 (24.02.89) 



01) Priority ApfJkariM Nmaers: 



160,766 
I60.T7I 
310.881 



(32) Priority Data: 

(33) Priority Centry: 



26 February 1988 (26.0188) 
26 February 1988 (26.0188) 
17 February 1989(17.0189) 

US 



(Tl)AMUeaat: BIOSOURCE GENETICS CORPORA- 
TION [US/US]; 3333 Vaea Valley Parkway, Vacaville, 
CA 95688 (USX 

(72) Inventors: GRILL, Laurence, K. ; 736 Brentwood Place, 
Los Altos. CA 94022 (USX ERWIN, Robert, L ; 417 
Arkansas Street, San Francisco, CA 94107 (USX BER- 
LINER. David. L ; 380 Selby Lane, Atherton, CA 
94023 (USX HUBBARD, Ernest, T„ Jr. ; 

*vt '•• • 



663 Rio Vista Drive, Napa. CA 943S8 (USX TUR- 
PEN, Thomas. H. ; 100 Summerfield Drive, #263, 
Vacaville, CA 93687 (USX 

(74) Agents: IHNEN, Jeffrey, L. et al.: Robbins & Laramie, 
2100 Pennsylvania Avenue, N.W., Suite 600. Wash- 



ington, DC 20037 (USX 



OD 



I Stateat AT (European patentX AU. BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB (European 
patent), IT (European patentX JP, LU (European pa- 
tentX NL (European patentX SE (European patentX 



PabUsaed 

With international search 



(54)TMe: NON-NUCLEAR CHROMOSOMAL TRANSFORMATION 
(57) Aaetract 

The present invention relates to viral vectors which are biologically contained, self-replicating and capable of the 
non-nuclear chromosomal transformation of a ^ost The viral vectors may contain a heterologous coding sequence adja- 
cent a viral pro m ot e r . The invention farther relates to viruses containing the viral vectors which are transmissible, i.e. in- 
fective. The invention also relates to production cells which are capable of producing the viruses or parts thereof. Host 
cells are infected by the viruses of the invention. A process for the production of a desired product by growing the infected 
hosts is also within the scope of the present invention. 



FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify States party to the PCT on the fiomptges of pamphtets publishing interna 
cattail under the PCT. . 



AT 


Awtrta 


ft 


France 


ML 


Mali 


AU 


Australia 


GA 




Ml 


Mnmtuna 


BB ■ 


Barbodoe 


g» 


United IGnsjdoffl 


MW 


Malawi 


K 




HU 


Hungary 


NL 


Notbcttasdt 


M 




IT 


Mr 


NO 


Norway 


•1 


awnni 


JP 


Japan 


10 


Romania 


n 


mm 


IP 


Democratic Noptt't Republic 


SD 


Sodaa 


cr 


Ctstnl AJHcsn Republic 




of Korea 


SE 


Sweden 


C6 




a 


Republic of Korea 


SN 




en 


9wtatftad 


u 


su 


Soviet Union 


CM 




u 




TP 


Chad 


M 


Ofnnnf, Federal Republic of 


LU 


^Lanfca^ 


TO 


Togo 


M 




MC 




US 


United States 


n 


Fialaad 


MG 









r 



L 



I 



-1- 



TTTEK OV THE INVENTION ~ 
NON-NUCLEAR CHROMOSOMAL T'AANS FORMATI ON 

BACKGROUND OF THE INVENTION 



The present invention relates to viral vectors 
which are non- infective (also j referred to herein as 
biologically contained) but which are self -replicating 
and capable of the non-nuclear chromosomal 

transformation of a host. The viral vectors may. contain 

.1 

a heterologous coding sequence adjacent a viral 
promoter. The invention further relates to viruses 
. containing the viral vectors which are transmissible. 
A host is infected by the viruses of the invention. 
Production cells are disclosed which are capable of 
producing the viruses or parts thereof. 

Viruses are a unique class of infectious agents 
whose distinctive features are their simple organization 
I and their mechanism of replication. In fact, a complete 

| viral particle, or virion, may be regarded mainly as a 

I ';• block of genetic material (either DNA or RNA) capable of 

20 autonomous replication, surrounded by a protein coat and 

l' sometimes by an additional membranous envelope such as 

in the case of alpha viruses. The coat protects the 
virus from the environment and serves as a vehicle for 
transmission from one host cell to another. 

Unlike cells, viruses do not grow in size and then 
divide, because they contain within their coats few or 
none of the biosynthetic enzymes and other machinery 
| required' for their replication. Rather, viruses 

multiply in cells by synthesis of their separate 
components, followed by assembly. Thus the viral 
nucleic acid, after shedding its coat, comes into 
contact with the appropriate cell machinery where it 
specifies the synthesis of proteins required for viral 
reproduction. The viral nucleic acid is then itself 
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replicated through the use of both viral and cellular 
enzymes. The components of the viral coat are formed 
and the nucleic acid and coat components are finally 
assembled. With some viruses, replication is initiated 
5 by enzymes present in virions. 

Viruses are subdivided into three main classes — 
animal viruses, plant viruses and bacterial viruses. 
Within each class, each virus is able to infect only 
certain species of cells. With animal and bacterial 
10 viruses, the host range is determined by the specificity 

of attachment to the cells which depends on properties 
of both the virion's coat and specific receptors on the 
cell surface. These limitations disappear when 
transf action occurs, i.e., when infection is carried out 
15 by the naked viral nucleic acid, whose entry does. not 

depend on virus-specific receptors. 

A given virus may contain either DNA or SNA, which 
may be either single- or double-stranded. The portion 
of nucleic acid in a virion varies from about 1% to 
20 about 50%. The amount of genetic information per virion 

varies from about 3 to 300 kb per strand. The diversity 
of virus-specific proteins varies accordingly. Examples 
of double-stranded DNA containing viruses include, but 
are not limited to. Hepatitis B virus, papovaviruses 
25 such as polyoma and papilloma, adenovirus, poxviruses 

such as vaccinia, caulimoviruses such as Cauliflower 
mosaic virus (CaMV) , Pseudomonas ph» ? o FMS2, 
Herpesvirus, Bacillus subtilin phage SP8, and the 
T bacteriophages. Representative viruses which are 
single-stranded DNA are the parvoviruses and the 
bacteriophages 0X174, fl and M13. Reoviruses, cytoplas- 
mic poly hedro sis virus of silkworm, rice dwarf virus and 
wound tumor virus are examples of double-stranded RNA 
viruses. Single-stranded RNA viruses include tobacco 
mosaic virus (TMV) , turnip yellow mosaic virus (TYMV) , 
picomaviruses, myxoviruses, paramyxoviruses and rhabdo- 



WO 99/08149 



FCT/US89/00693 



-3- 

viruses. The RNA in single-stranded RNA viruses nay be 
either a plus (+) or a minus (-) strand. For general 
information concerning viruses see Grierson, D. at al., 
' Plant Mel ocular Biology . Blackie, London, pp. 126-146 
3 (1984); Dulbecco, R. at al., virology . Harpar 6 Row, 

Philadelphia (1980) ; White, A. at al., Principles of 
Biochemistry . 6th Ed., McGraw-Hill, New York, pp. 
882-900 (1978). 

Ona means for classifying plant viruses is based on 
10 the genome organization. Although many plant viruses 

have RNA genomes, the organization of genetic 
information differs between groups. The genome of most 
monopartite plant RNA viruses is a single-stranded 
molecule of (+)- sense. There are at least 11 major 
15 groups of viruses with this type of genome. An example 

of this type of virus is TMV. At least six major groups 
of plant RNA viruses have a bipartite genome. In these, 
the genome usually consists of two distinct (+) -sense 
single-stranded RNA molecules that are encapsidated in 
20 separate particles. Both RNAs are required for 

inf activity. Cowpea mosaic virus (CPMW) is an example 
of a bipartite plant virus. The third major type, 
containing at least six major types of plant viruses, 
has three (+) -sense single-stranded RNA molecules, i.e., 
25 is tripartite. Each strand is separately encapsidated 

1 and all three are required for infect ivity. An example 

of a tripartite plant virus is alfalfa mosaic virus 
(AMV) . Many plant viruses also have smaller sub-genomic 
mRNAs that are synthesized to amplify a specific gene 
30 product. One group of plant viruses which have a 

single-stranded ONA genome are the geminiviruses, such 
as cassava latent virus and maize streak virus. 

Techniques have been developed which are utilized 
to transform many species of organisms. Hosts which are 
35 capable of being transformed by these techniques include 

bacteria, yeast, fungus, animal cells and plant cells or 
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t is sue. Transformation is accomplished by using a 
vector which is self -replicating and which is compatible 
with the dssirsd host. The vectors are generally based 
en either a plasmid or a virus. Foreign DNA is inserted 

5 into the vector, which is then used to transform the 

appropriate host. The transformed host is then 
identified by selection or screening. For further 
information concerning the transformation of these 
hosts, see Maniatls, T. et al.. Molecular elenlna . cold 
10 Spring Harbor Laboratory, Cold Spring Harbor (1982) ; dna 

Cloning* Ed. Glover, D.M. , IRL Press, Oxford (1985); 
Crier son, D. et al., SjJfiEai and Methods In Etymology, 
volumes 68, 100, 101, 118 and 152-155 (1979, 1983, 1983, 
1986 and 1987). 

15 Viruses that have been shown to be useful for the 

transformation of appropriate hosts include bacterio- 
phages, animal viruses such as adenovirus type 2 and 
vaccinia virus and plant viruses such as CaMV and brome 
mosaic virus (BMV). An example of the use of a 
bacteriophage vector is shown in U.S. Patent 4,508,826. 
U.S. Patent 4,593,002 shows the use of adenovirus type 
2 as well as a bacteriophage for the transformation of 
the appropriate host. The use of a vaccinia virus is 
shown in U.S. Patent 4,603,112. Transformation of 
plants using plant viruses is described in EP A 67,553 
(TMV), EP A 194,809 (BMV) and Brisson, N. et al., 
Methods in Enzymolooy H&* 659 (1986) (CaMV) . 

When the virus is a DNA virus, the constructions 
can be made to the virus itself. Alternatively, the 
virus can first- be cloned into a bacterial plasmid for 
ease of constructing the desired viral vector with the 
foreign DNA. The virus can then be excised from the 
plasmid. If the virus is a DNA virus, a bacterial 
origin of replication can be attached to the viral DNA 
which is then replicated by the bacteria. Transcription 
and translation of this DNA will produce the coat 
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I protein which will encapsidate the viral DNA. It the 

f virus is an RNA virus, the virus is generally cloned as 
a cDNA and inserted into a plasnid. The plasmid is then 
I used to nake all of the constructions. The RNA virus is 

then produced by transcribing the viral sequence of the 
plasmid and translation of the viral genes to produce 
the coat protein (s) which encapsidate the viral RNA. 

Tyrosinase is a copper-containing monooxygenase 
catalyzing the ortho hydroxy lation of monophenols, 
10 including tyrosine and the oxidation of o-diphenols to 

f o-quinones. Mason, H.S., Ann . Rev . B toehem . 34 . 595 

i 

(1965) . Such reactions include the conversion of tyro- 
sine to dihydroxyphenylalanine (dopa) and the conversion 
of dopa to dopaguinone. These reactions nay be followed 
by the spontaneous formation of melanin. Tyrosinase 
occurs widely in nature and is responsible for the 
formation of melanin pigments. Larch, K. , Met. Ions 
Biol. SVat. 11, 143 (1981) . 
I Tyrosinase is a phenoloxidase found specifically 

20 from mammalian sources* Other phenoloxidases or 

I polyphenoloxidases may be found from plant or fungal 

| sources* Phenoloxidases catalyze the oxidation of 

1 phenolic compounds (e.g., 3, 4 - dihydroxyphenylalanine 

| . (dopa)) to produce melanin (Wheeler , M.H. et al., Can. 

25 J. Microbiol. 2±, 289 (1978))* A Well-defined 

\ phenoloxidase is that found in the fungus Crvptococcus 

: neoformana as described by Polachec, I* et al., J. 

Bacteria, iso. 1212 (1982)* Another well-defined 
\ phenoloxidase is Pro soph ilia phenoloxidase described by 

30 Rizki, T.M. et al., Mol. Gen. Genet. 2fll, 7 (1985). 

Cyclodextrin glucanotransf erase is an enzyme 
, catalyzing the conversion of starch to cyclodextrin. 

F: Cyclodextrin has several uses including use as a 

| sweetening substance, use as a substitute for gum arable 

35 and other uses in medicines, foods and cosmetics. 
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The . present invention relates to viral vectors 
which are biologically contained, self -replicating and 
capable of the non-nuclear chronosomal transformation of 
5 a host. The viral vectors nay contain a heterologous 

coding sequence adjacent a viral promoter. The invention 
further relates to viruses containing the viral vectors 
which are transmissible, i.e. infective. 

The invention also relates to production cells 
10 which are capable of producing the viruses or parts 

thereof. Host cells are infected by the viruses of the 
invention. A 1 process for the production of a desired 
product by growing the infected hosts is also within the 
scope of the present invention. 



15 DETAILED DESCRIPTION OP THE INVEHTTOM 

The present invention includes (a) viral vectors 
which are non-infective but which are self -replicating 
and capable of the non-nuclear chromosomal 
transformation of a host, (b) viral vectors which 

20 contain a heterologous coding sequence adjacent a viral 

promoter, (c) viruses containing the viral vectors which 
are infective, (d) production cells which are capable of. 
producing the viruses or parts thereof, (e) a host 
infected by the viruses of the invention, and (f) a 

25 process for the production of a desired product by 

growing the infected hosts. 

In order to provide a clear and consistent under- 
standing of the specification and the claims, including 
the scope given to such terms, the following definitions 

30 are provided: 

Adjacent: a position in a nucleotide sequence 
immediately 5* or 3' to a defined sequence. 
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Anlmai Tleaue t Any tissue of an animal in the 
organism or in culture. This torn is intended to include 
a whole animal, animal call, animal organ, protoplast, 
call culture or any group of animal cells organised into 
a structural and functional unit. 

Anti-sense Mechanism : A type of gene regulation 
based on controlling the rate of translation of mRNA to 
protein due to the presence in a cell of an RNA molecule 
complementary to at least a portion of the mRNA being 
10 translated; 

Biologically Contained : The viral nucleic acid is 
not capable of naturally infecting a host since it is 
not capable of expressing a biologically functional coat 
protein. 

15 Biologically Functional: The capability of 

performing an expected biological function in a cell or 
organism. For example, the biological function of a 
viral coat protein is the encapsidation of the viral 
nucleic acid. A non-biologically functional coat 
20 protein is not capable of encapsidating viral nucleic 

acid. A nucleotide sequence which lacks a biologically 
functional protein coding sequence will produce either 
no protein or will produce a protein which will not 
perform an expected function. If the entire coding 
25 sequence for the protein is removed, then no protein 

will be produced. If a significant portion of the 
coding sequence for the protein is removed, then any 
protein that is produced will not function as the entire 
protein would function. If the coding sequence for the 
30 protein is mutated such as by a point mutation, the 

protein might not function as a normal protein would 
% function. For example, a nucleotide sequence which 

lacks a biologically functional coat protein coding 
sequence is a nucleotide sequence which does not code 
35 for a coat protein capable of encapsidating viral 
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nucleic add. This term is intended to include a 
complete deletion of the coat protein sequence. 

call Cultural A proliferating mass of calls which 
say ba in an undifferentiated or differentiated stata. 
5 Chimeric Sequence or Cane s A nucleotide sequence 

. darivad from at laast two heterologous parts. The 
sequence may comprise DNA or RNA. 

coding sequences a deoxyribonucleotide sequence 
which when transcribed and translated results in the 
10 formation of a cellular polypeptide, or a ribonucleotide 

sequence which when translated results in the formation 
of a cellular polypeptide. 

Compatible s The capability of operating with other 
components of a system • A vector which is compatible 
15 with a host is one which is capable of replicating in 

that host. A coat protein which is compatible with a 
bf ■ viral nuclaotida sequence is one which is capable of 

encapsidating the viral sequence. 

fifinfit A discrate chromosomal region which is 



20 responsible for a discrate cellular product. 

| Hasjfc: A call, tissue or organism capable of 



I 



replicating a viral vector and which is capable of being 
infected by a virus containing the viral vector. This 
term is intended to include prokaryotic and eukaryotic 
25 calls, organs, tissues or organisms, such as bacteria, 

yeast, fungus, animal cells and plant tissue. 

Infection; The ability of a virus to transfer its 
nucleic acid to a host wherein the viral nucleic acid is 
replicated, viral proteins are synthesized and new viral 
30 particles assembled. The terms transmissible and 

infective are used interchangeably herein. The term 
non-infective as used herein means non- infective by 
natural, biological means. 

Phenotvoic Trait; An observable property resulting 
35 from the expression of a gene. 
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Plant calls The structural and physiological unit 
of plants, consisting of a protoplast and ths call vail. 

Plant Organ t A distinct and visibly diffarsntiatad 
part of a plant such as root, stem, loaf or embryo. 

Plant Tiaauas Any. tissue of a plant in plant or in 
culture.. This tarn is intended to include a whole plant, 
plant cell, plant organ, protoplast, cell culture or any 
group of plant calls organized into a structural and 
functional unit. 

Production Call; A cell, tissue or organism capable 
of replicating a vector or a viral vector, but which is 
not necessarily a host to the virus. This tern is 
intended to include prokaryotic and eukaryotic cells, 
organs, tissues or organisms, such as bacteria, yeast, 
fungus-, aninal cells and plant tissue. 

Promoters The 5* -flanking, non-coding sequence 
adjacent a coding sequence which is involved in the 
initiation of transcription of the coding sequence. 

Protoplast; An isolated plant cell without cell 
walls, having the potency for regeneration into cell 
culture or a whole plant. 

Substantial Sequence Homology? Denotes nucleotide 
sequences that are substantially functionally equivalent 
to one another. Nucleotide differences between such 
sequences having substantial sequence homology will be 
dfi ninimus in affecting the function of the gene 
products or an SNA coded for by such sequence. 

Transcript ion; The production of an RNA molecule by 
FNA polymerase as a complementary copy of a DNA 
sequence. 

Vector: A self-replicating DNA molecule which 
transfers a DNA segment between cells. 

viral Vector? a vector comprising a nucleic acid 
sequence of a virus which has been modified so that a 
non-biologically functional coat protein is produced. 
This may be accomplished by removing at least a part of 
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th* coding sequence or by mutating the coding sequence* 
Zf the virus codas for one more virus transmissibility 
factors , than the nuclaic acid saquenca of tha virus is 
also modifiad to make thasa non-biologically functional. 

Virus : An infactious agant which is composed of a 
nuclaic acid ancapsidatad in a protain. A virus nay ba 
a mono-, di-, tri- or multi-partite virus as described 
above. 

Tha present Invention provides for tha infection of 
10 a host, such as a prokaryotic or eukaryotic organism, 

call or tissue, by a virus which has bean modifiad so 
that tha virus is transmissible but tha viral nuclaic 
acid is not infective. Naturally occurring mutant 
viruses may also have thasa same properties of being 
15 transmissible, but having viral nucleic acid which is 

not infective. Tha non-infectivity of tha viral nuclaic 
acid is accomplished by modifying the nuclaic acid so 
that biologically non-functional viral coat protein • 
. (caps id protein) and any other viral transmissibility 
20 factors r.re produced as described herein. 

Tha present invention has a number of advantages, 
one of which is that the transformation and regeneration 
of target organisms is not necessary. Another advantage 
is that it is not necessary . to develop vectors which 
25 integrate a desired coding sequence in the genome of the 

target organism. Existing organisms can be altered with 
a new coding sequence without the need of going through 
a gesm cell. The present invention also gives the 
option of applying the coding sequence to the desired 
30 organism, tissue, organ or cell. 

The chimeric genes and vectors of the present 
invention are constructed using techniques well known in 
the art. Suitable techniques have been described in 
Maniatis, T. et al.. Molecular clonina. Cold Spring 
35 Harbor Laboratory, New York (1982); Methods In 

Engvaoloov. Vols. 68, 100, 101, 118 and 152-155, 
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Academic Press, New York (1979, 1983 , 1983, 1986 and 
f : 1987); and DMA Cloning . Vols. Z, ZZ, III, Glover, D.M., 
Ed., IRL Press, Oxford (1985 and 1987). Medium 
compositions have baen described in Miller, J.H., 
[5 experiments in Molecular Genetics. Cold Spring Harbor 

I . Laboratory, New York (1972), as well as the references 

{. previously identified. DNA manipulations and enzyme 

■ treatments are carried out in accordance with the 

| manufacturers* recommended procedures. 

10 An important feature of the present invention is 

i ' 

|. the preparation of nucleotide sequences which are 

.- capable of replication in a compatible host but which in 

themselves are incapable of infecting the host. The 
nucleotide sequence has substantial sequence homology to 
15 a viral nucleotide sequence. The viral nucleotide 

< sequence may be a prokaryotic or eukaryotic viral 

nucleotide sequence. Suitable viral nucleotide 
, sequences include those of viruses which infect 

| bacteria, yeast, fungus, animals and plants. A partial 

to listing of suitable viruses has been described above. 

The nucleotide sequence may be an RNA, DNA, cDNA or 
chemically synthesized SNA or DNA. 

The first step in achieving any of the features of 
the invention is to modify the nucleotide sequences 



ft 



is coding for the capsid protein and any transmissibility 

! factors within the viral nucleotide sequence by known 

1 conventional techniques such that non-biologically 

functional proteins are produced by the modified virus. 
| Therefore, any virus for which the capsid protein 

ip nucleotide sequence and any transmissibility factor 

nucleotide sequences have been identified may be 
suitable for use in the present invention. Other 
viruses may be used after the nucleic acid has .been 
I sequenced. 

is Some of the viruses which meet this requirement, 

and therefore are suitable, include .the alphaviruses 
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such as Eastern Equina Encephalomyelitis virus (EEEV) , 
Western Equina Encaphalonyalitis . virus (HEEV) , 
Venezuelan Encaphalonyalitis virus (VEV) , Sindbis virus, 
Semliki Forast virus (SFV) and Ross Rivar virus (RRV), 
5 tha rhinoviruses such as human rhinovirus 2 (HRV2) and 

human rhinovirus typa 89 (HRV89) , tha polioviruaas such 
as poliovirus 2 (PV2) and poliovirus 3 (PV3) , simian 
virus 40 (SV40), viruses from tha tobacco mosaic virus 
group such as Tobacco Mosaic virus (TMV), Cowpea Mosaic 
10 virus (CMV) , Alfalfa Mosaic virus (AmV), Cucumber Green 

Mottle Mosaic virus watermelon strain (CGMMV-W) and Oat 
Mosaic virus (OMV) and viruses from tha broma mosaic 
virus group such as Broma Mosaic virus (BMV) , broad bean 
mottle virus and covpaa chlorotic mottle virus. 
15 Additional suitable viruses include Rice Necrosis virus 

(RNV) , . adenovirus type 2 and geminiviruses such as 
tomato golden mosaic virus (TGMV) , cassava latent virus 
and maize streak virus. Each of these groups of 
suitable viruses is characterized below. 

20 ALPHAYIOTSES 

The alphaviiuses are a genus of viruses of the 
family Togavlridae. Almost all of the members of this 
genus are transmitted by mosquitoes, and may cause 
diseases in man or animals. Some of the alphaviruses 

25 are grouped into three serologically defined complexes. 

The complex-specific antigen is associated with the El 
protein of the virus, and the species-specific antigen 
is associated with the E2 protein of the virus. 

The Semliki Forest virus complex includes Bebaru 

30 virus, Chikungunya Fever virus, Getah virus, Mayaro 

Fever virus, O'nyongnyong Fever virus, Ross River virus, 
Sagiyama virus, Semliki Forest virus and Una virus* The 
Venezuelan Equine Encephalomyelitis virus complex 
includes Cabassou virus, Everglades virus, Mucambo 
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virus, Pixuna virus and Venezuelan Equina 
Encephalomyelitis virus. Tha Western Equina 

Encephalomyelitis virus complex includas Aura virus, 
Fort Morgan virus , Highlands J virus, Kyzylagach virus, 
5 Sindbis virus, Wastarn Equina Encaphalonyalitis virus 

and Whataroa virus. 

Tha alphav'iruses contain an icoschadral 
nuclaocapsid consisting of 180 copias of a singla 
species of capsid protain conplaxad with a plus-strandad 
10 425 to 498 nRNA of up to about 11,703 nucleotides. The 

| alpha viruses nature when preassenbled nuclaocapsid is 

I surrounded by a lipid anvalopa containing two virus 

I encoded integral nembrane glycoproteins, called El and 

| E2. The envelope is acquired when the capsid, assembled 

15 in the cytoplasm, buds through the plasna membrane. The 

f envelope consists of a lipid bilayar derived from the 

jf host cell. 

The 425 to 498 . nRNA encodes a glyprotein which is 
contranslationally cleaved into nonstructural proteins 
and structural proteins. The 3' one-third of the RNA 
genome consists of a 26S nRNA which encodes for the 
capsid protein and the E3, E2, K6 and El glycoproteins. 
The capsid protein is 'co trans lationally cleaved from the 
S3 protein. It is hypothesized that the amino acid 
25 triad of His, Asp and Ser at the COOH terminus of the 

capsid protein comprises a serine protease- responsible 
for cleavage. Hahn, C.S. et al., Proc. Natl. Acad, set. 
O-s.a. £2, 4648 (1985) . Cotranslational cleavage also 
occurs between E2 and K6 proteins. Thus two proteins 
30 PE2 which consists of E3 and E2 prior to cleavage and an 

El protein comprising K6 and El are formed. These 
proteins are cotranslationally inserted into the 
endoplasmic reticulum of the host cell , glycosylated and 
transported via the Golgi apparatus to the plasna 
35 membrane where they can be used for budding. At the 

point of virion maturation the E3 and E2 proteins are 
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separated. The El and C2 proteins are incorporated into . 
the lipid envelope. 

It has been suggested that the basic amino-terminal 
half of the caps id protein stabilizes the interaction of 
capsid. with genomic RNA, Garoff, H. et al., supra t or 
interacts with genomic RNA to initiate encapsidation, 
Strauss E.G. et al., in the Tooavlrua aa and 
Flaviviruaaa . Ed. S. Schlesinger a M. Schlesinger, 
Plenum Press, New York, p. 35-90, (1980). These 
10 suggestions imply that the origin of assembly is located 

either on the uneneapsidated genomic RNA or at the 
amino-terminus of the capsid protein. It has been 
suggested that E3 and K6 function as signal sequences 
for the insertion of PE2 and El, respectively, into he 
15 endoplasmic reticulum. Garoff, R. et al., supra; 

Delgarno, L. et al., Virology 120 . 170 (1983). 

Work with temperature sensitive mutants of 

i- 

alphaviruses has shown that failure of cleavage of the 
structural proteins results In failure to form mature 

20 virions. Lindquist, B.R. et al.,. virology 151 . 10 

(1986) characterized a temperature sensitive mutant of 
Sindbis virus, t a 20. Temperature sensitivity results 
from an A - U change at nucleotide 9502. The t a lesion 
present cleavage of PE2 to E2 and E3 and the final 

25 maturation of progeny virions at the nonpermissive 

temperature. Rahn, C.S. et al., supra, reported three 
temperature sensitive mutations in the capsid protein 
which prevents cleavage of the precursor polyprotein at 
the nonpermissive temperature. The failure of cleavage 

30 resulted in no capsid formation and very little envelope 

protein. 

Defective interfering RNA's (DI particles) of 
Sindbis virus are helper-dependent deletion mutants 
which interfere specifically with the replication of the 
35 homologous standard virus. Perrault, J., Microbiol . 

Immunol . 21, 151 (1981) . DI particles have been found 
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to be functional vectors for introducing at least one 
{ foreign gone into calls. Levis, R. , Proc. Matl. Acad. 

SCl. U.S.A. Alt 4811 (1987) . 

It has been found that it is possible to replace at 
5 least 1689 internal nucleotides of a DZ genome with a 

foreign sequence and obtain RNA that will replicate and 
be encapsidated. Deletions of the DZ genome do not 
destroy biological activity. The disadvantages of the 
system are that DZ particles undergo apparently random. 
10 rearrangements of the internal RNA sequence and size 

alterations. Monroe, S.S. et al., J. Virology 4jfc, 865 
(1984) . Expression of a gene inserted into the internal 
sequence is not as high as expected. Levis, R. et al., 
supra, found that replication of the inserted gene was 
15 excellent but translation was low. This could be the 

result of competition with whole virus particles for 
translation sites and/or also from disruption of the 
gene due to rearrangement through several passages. 

Two species of mRNA are present in alphavirus- 
20 infected cells: A 42S mRNA region, which is packaged 

into nature virions and functions as the message for the 
nonstructural proteins, and a 26S mRNA, which encodes 
the structural polypeptides. The 26S mRNA is homologous 
to the 3* third of the 42S mRNA. Zt is translated into 
25 a 13 OK polyprotein that is cotranslationally cleaved and 

processed into the capsid protein and two glycosylated 
membrane proteins. El and E2. 

The 26S mRNA of Eastern Equine Encephalomyelitis 
(EEE) strain 82V-2137 was cloned and analyzed by Chang 
30 et al. J. Gen. Virol . £&, 2129 (1987). The 26S mRNA 

region encodes the capsid proteins, E3, E2, 6K and El. 
The amino terminal end of the capsid protein is thought 
to either stabilize the interaction of capsid. with mRNA 
or to interact with genomic RNA to initiate 
35 . encapsidation. 
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Uncleaved E3 and E2 proteins called PE2 is inserted 
into the host endoplasmic reticulum during protein 
synthesis. Tha PE2 is thought to hava a ragion common 
to at laast f iva alphavirusas which interacts with tha 
5 viral nuclaocapsid during morphogenesis. 

Tha 6K protain is thought to function as a signal 
sequence involved in translocation of the El protein 
through the membrane. The El protein is thought to 
mediate virus fusion and anchoring of the El protein to 
10 the virus envelope. 

RHTNOVTRUSES 

-.. The rhinoviruses are a genus of viruses of the 
family Picornaviridae. The rhinoviruses are acid- 
labile, and are therefore rapidly inactivated at pHs 
15 less than about 6. The rhinoviruses commonly infect the 

upper respiratory tract of mammals. 

Human rhinoviruses are the major causal agents of 
the common cold, and many serotypes are known. 
Rhinoviruses may be propagated in various human cell 
20 cultures, and have an optimum growth temperature of 

about 33*C. Most strains of rhinoviruses are stable at 
or below room temperature and can withstand freezing. 
Rhinoviruses can be inactivated by citric acid, tincture 
of iodine or phenol/alcohol mixtures. 
25 The complete nucleotide sequence of human 

rhinovirus 2 (HRV2) has been sequenced. The genome 
consists of 7102 nucleotides with a long open reading 
frame of 6450 nucleotides which is initiated 611 
nucleotides from the 5* end and stops 42 nucleotides 
30 from the poly (A) tract. Three, capsid proteins and their 

cleavage cites have been identified. 

Rhinovirus RNA is single-stranded and positive 
sense. The RNA is not capped, but is joined at the 5' 
end to a small virus encoded protein , virion-protein 
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g.nom.-iink.d (VPg) . Translation is presumed to rasult 
in a singla polyprot.in which is broken by proteolytic 
; cleavage to yiald Individual virus proteins. 

I An icosahedral viral capsid contains 60 copies each 

t S of 4 virus proteins VP1, VP2 , VP3 and VP4 and surrounds 

* the RNA genome. Medappa, K. C. et al. Virology .259 

\ (1971). 

j Analysis of the 610 nucleotides preceding the long 

[ open reading frame shows several short open reading 

(10 frames. However, no function can be assigned to the 

translated proteins since only two sequences show 
homology throughout HRV2, HRV14 and the 3 serotypes of 
poliovirus. These two sequences may be critical in the 
life cycle of the virus. They are a stretch of 16 bases 
•15 beginning at 436 in HRV2 and a stretch of- 23 bases 

beginning at 531. in HRV2. Cutting or removing these 
sequences from the remainder of the sequence for non- 
it structural proteins sould have an unpredictable effect 

upon efforts to assemble a mature virion. 
20 The capsid proteins of HRV2: VP4, VP2, VP3 and VP1 

|k:':.. begin at nucleotide 611, 818, 1601 and 2311,. 

it? " 

respectively. The cleavage point between VP1 and P2A is 
thought to be around nucleotide 3255* Skern, T. et al., 
- Nucleic Aclfla Research n, 2111 (1985). 

25 Human rhinovirus type 89 (HRV89) is very similar to 

HRV2. It contains a genome of 7152 nucleotides with a 
single large open reading frame of 2164 codons. 
Translation begins at nucleotide 619 and ends 42 
nucleotides before the poly (A) tract. The capsid 
30 structural proteins, VP4 , VP2, VP3 and VP1 are the first 

to be translated. Translation of VP4 begins at 619. 
Cleavage cites occur at: 
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VP4/VP2 82S determined 

VP2/VP3 1627 determined 

VP3/VP1 2340 determined 

VP1/P2-A 3235 presumptive 

Duechler, M. et al., Proe. Matl. Aead. Sci. USA Mr 2605 
(1987) . 

POIiTOVTROSES 

Pol iovi ruses are the causal agents of poliomyelitis 
in man, and are one of three groups of enteroviruses. 
Enteroviruses are a genus of the family Picomaviridae 
(also the family of rhinoviruses) . Most enteroviruses 
replicate primarily in the mammalian gastrointestinal 
tract; although other tissues may subsequently become 
infected. Many enteroviruses can be propagated in 
primary cultures of human or monkey kidney cells and in 
some cell lines (e.g. HeLa, Vero, Wl-38) . Inactivation 
of the enteroviruses may be accomplished with heat 
(about 50*C), formaldehyde (3%), hydrochloric acid 
(0.1N) or chlorine (ca. 0.3-0.5 ppm free residual CI,) . 

The complete nucleotide sequence of poliovirus PV2 
(Sab) and PV3 (Sab) have 'been determined. They are 7439 
and 7434 nucleotide in length, respectively. There is 
a single long open reading frame which begins more than 
700 nucleotides from the 5' end. Poliovirus translation 

i produces a single polyprotein which is cleaved by 

proteolytic processing. Kitamura, N. et al. Nature. 
291 . 547 (1981). 

It is speculated that these homologous sequences in 
the untranslated regions play an essential role in viral 

9 replication such as: 

1. viral-specific RNA synthesis; 

2. viral-specific protein synthesis; and 

3. packaging 



if • • 

! . • . 

Toyoda, R. et al. # J. Mai. Biol.. HA, 561 (1984). 

The structures of the serotypes of poliovirua have 
I a high degree of saquanca homology. Thair coding 

. sequences the sane proteins in the sane order. 
S Therefore, genes for structural proteins are similarly 

located. In PV1, PV2 and PV3, the polyprotein begins 
translation near the 750 nucleotide. The four 
structural proteins VP4 , VP2 , VP3 and VP1 begin at about 
745, 960, 1790 and 2495, respectively, with VPI ending 
10 at about 3410. They are separated In vivo by 

proteolytic cleavage, rather than by stop/start codons. 

SIMIAH VTRPS 40 

Simian virus 40 (SV40) is a virus of the genus 
Polyomavirus, and was originally isolated from the 
5 kidney cells of the rhesus monkey.. The virus is 

commonly fcund, in its latent form, in such cells. 
Simian virus 40 is usually non-pathogenic in its natural 
host. 

Simian virus 40 virions are made by the assembly of 
20 three structural proteins, VPI, VP2 and VP3. Girard, M. 

et al., Biochem . Biophvs . Res . Coimmn . 4J2, 97 (1970); 
Prives, C. L. et al., Proc. Watl. Acad. Sci. USA 71. 302 
(1974); and Rosenblatt, S. et al., Proc. Natl. Acad. 
Sci. psa 73. 2747 (1976). The three corresponding viral 
5 genes are organized in a partially overlapping manner. 

\ They constitute the late genes portion of the genome. 

Tooze, J., Molecular Biology of Timor Viruses. 2nd Ed. 
Part 2, p. 799-831 (1980). Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. Capsid proteins 
30 VP2 and VP3 are encoded by nucleotides 545 to 1601 and 

899 to 1601, respectively, and both are read in the same 
frame. VP3 is therefore a subset of VP2. Capsid 
protein VPI is encoded by nucleotides 1488-2574. The 
end of the VP2-VP3 open reading frame therefore overlaps 
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the VP1 by 113 nucleotides but is read in an alternative 
frame. Toose, J., iubea. Sychowski, C. at al«, kL. 
Virology fil, 3862 (1987) 

TOBACCO MOSATC VTRPS GROUP 

5 Tobacco Mosaic virus (TMV) is a type member of the 

Tobamovirusas. The TMV virion is a tubular filament t 
and comprises coat protein subunits arranged in a single 
right-handed helix with the single-stranded RMA 
intercalated between the turns of the helix. TMV 

10 infects tobacco as well as other plants. TMV is 

transmitted mechanically and may remain infective for a 
year or more in soil or dried leaf tissue. 

The TMV virions may be inactivated by subjection to 
' an environment with a pH less than 3 or greater than 8, 

15 or by formaldehyde or iodine. Preparations of TMV may 

be obtained from plant tissues by (NHJ,S0 4 precipitation 
followed by differential centrifugation. 

The TMV single-stranded SNA genome is about 6400 
nucleotides long and is capped at the 5' end but is not 

20 poly-adenylated. The genomic RNA can serve as mRNA for 

a protein of molecular weight about 130,000 (13 OK) and 
another produced by read-through of molecular weight 
about 180,000 (180K). However, it cannot function as a 
messenger for the synthesis of coat protein. Other 

25 genes are expressed during infection by the formation of 

monocistronic, 3 ' -coterminal subgenomic mRNAs, including 
one (IMC) encoding the 17. 5K coat protein and another 
(I 2 ) encoding a 3 OK protein. The 3 OK protein has been 
detected in infected protoplasts fviroloov HZ, 71 

30 (1984)), and it is involved in the cell-to-cell 

transport of the virus in an infected plant (Deom, CM. 
et al., science 2J12# 389 (1987)). The functions of the 
two large proteins are unknown. ^ 
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Several double-stranded SNA molecules, including 
double-stranded SNAs corresponding to the genomic, X* and 
UfC RNAs, have bean datactad in plant tiaauaa infaetad 
with TMV. These SNA molecules ara presumably 
intermediates in genome raplication and/or mSNA 
synthasia - processes which appear to occur by different 
mechanisms. 

TMV assembly apparently occurs in the plant call 
cytoplasm, although it has bean suggested that soma TMV 
10 assembly nay occur in chloroplasts since transcripts of 

ctDNA have bean detected in purified TMV virions. 
Initiation of TMV assembly occurs by interaction between 
ring-shaped aggregates ("discs") of coat protein (each 
disc consisting of two layers of 17 sub-units) and a 
15 unique internal nucleation site in the SNA; a hairpin 

region about 900 nucleotides from the 3* and in the 
common strain of TMV. Any SNA, including subgenomic 
RNAs, containing this site may be packaged into virions. 
The discs apparently assume a helical form on 
20 interaction with the SNA, and assembly (elongation) than 

v . proceeds in both directions (but much more rapidly in . 

the 3'- to 5' direction from the nucleation site). 

Another member of the Tobamoviruses, the Cucumber 
' green mottle mosaic virus watermelon strain (CGMMV-W) is 
25 related to the cucumber virus. Noru, Y., at al., 

Virology 577 (1971). The coat protein of CGMMV-W 
interacts with the SNA of both TMV and CGMMV to assemble 
viral particles in vitro . Kurisu et al., Virology 29., 
214 (1976) . 

30 Several strains of the tobamovirus group are 

divided into two subgroups on the basis of the location 
of the assembly of origin. Fukuda, M. et al., Proe. 
Natl. Acad. Sci. USA 78. 4231 (1981) . Subgroup I, which 
includes the vulgare, OM, and tomato strain, has an 

35 origin of assembly at about 800-1000 nucleotides from 

the 3* end of the SNA genome, and outside of the coat 
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protein cistron. Labeurier, 6. et al., PTQCi HttUi 
land, set, nsx 21# (1977) > and Fukuda, M. at al., 

virology iqi . 493 (1980). Subgroup II, vhich includes 
[ CGMMV-W and cornpea strain (Cc) , has an origin of 

| 5 assembly about 300-500 nucleotides from the 3* end of 

I the RHA genome, and within the coat-protein cistron. 

I Fukuda, M. et. al., supra . The coat protein cistron of 

CGMMV-W is located at nucleotides 176-661 from the 
| 3* end. The 3» noncoding region is 175 nucleotides long. 

1 10 The origin of assembly is positioned within the coat 

protein cistron. Meshi, T. et al., Virology 121, 52 
(1983). 

■ BPOMB MOSAIC VTOTS GROUP 

r ; . ' • 

Brome mosaic virus (BMV) is a member of a group of 
15 tripartite single-stranded RNA-containing plant viruses 

commonly referred to as the bromoviruses. Each member 
| of the bromoviruses Infects a narrow range of plants, 

feii'.- Mechanical transmission af bromoviruses occurs readily, 

and some members are transmitted by beetles.. In 
20 addition to BMV, other bromoviruses include broad bean 

mottle virus and cowpea chlorotic mottle virus. 

Typically, a bromovirus virion is icosahedral with 
a diameter of about 26 mm., and contains a single 
species of coat protein. The bromovirus genome has 
25 three molecules of linear, positive-sense, single- 

stranded RNA, and the coat protein mRNA is also 
encapsidated. The RNAs each have a capped 5* end and a 
tRNA-lDce structure (vhich accepts tyrosine) at the 3» 
end. Virus assembly occurs in the cytoplasm. The 
30 complete nucleotide sequence of BMV has been identified 

and characterized as described by Alquist et al . , it. 
Mol. Biol . 151, 23 (1981). 
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BTCB NBeftOfiTS vnms 

Rice Necrosis virus is a member of ths Potato Virus 
Y Group or Potyvirusss. Ths Rics Necrosis virion is a 
flaxuous filament comprising one type of coat protein 
3 (molecular weight about 32,000 to about 36,000) and one 

molecule of linear positive-sense single-standard RNA. 
Ths Rics Necrosis virus is transmitted by Polvmvxa 
erranlnla (a eukaryotic intracellular parasite found in 
plants, algae and fungi). 



10 ADENOVIRUSES 



• Adenovirus type 2 is a member of the adenovirus 

family or adenovirus. This family of viruses are non- 
enveloped, icosahedral, linear, double-stranded DNA- 
containing viruses which infect mammals or birds. 
15 The adenovirus virion consists of an icosahedral 

capsid enclosing a core in which the DNA genome is 
■ closely associated with a basic (arginine-rich) viral 

polypeptide VII. The capsid is composed of 252 
capsomeresx 240 hexons (capsomers each surrounded by 6 
20 other capsomers) and 12 pentons (one at each vertex, 

each surrounded by 5 *peripentonal * hexons). Each 
penton consists of a penton base (composed of viral 
polypeptide III) associated with one (in mammalian 
adenoviruses ) or two (in most avian adenoviruses) 
25 glycoprotein fibres (viral polypeptide IV) . The fibres 

can act as haemagglutinins and are the sites of 
attachment of the virion to a host cell-surface 
receptor. The hexons each consist of three molecules of 
viral polypeptide II; they make up the bulk of the 
30 icosahedron. Various other minor viral polypeptides 

| occur in the virion. 

The adenovirus dsDNA genome is covalently linked at 
j&li the 5' end of each strand to a hydrophobic * terminal 
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protein', TP (molecular weight about 55, 000) t the. DNA 
has an inverted terminal rapaat of dif farant langth in 
different adanovirusas. Zn most adenoviruses examined, 
tha 5 ' -terminal residue is dCMP- 
5 During its raplieation cycle, tha virion attaches 

via its fibres to a specific cell-surface receptor, and 
enters the cell by endocytosis or by direct penetration 
of tha plasma membrane . Most of the capsid proteins are 
removed in the cytoplasm. The virion core enters the 
10 nucleus, where the uncoating is completed to release 

viral DNA almost free of virion polypeptides. Virus 
gene expression then begins. The viral dsDNA contains 
genetic information on both strands. Early genes 
t?\%.. : (regions Bla, Elb, E2a, E3, E4) are expressed before the 

lis . onset of viral DNA replication. Late genes (regions LI, 
L2, L3, L4 and L5) are expressed only after the 
initiation of DNA synthesis. Intermediate genes 
I (regions E2b and ZVa 2 ) are expressed in tha presence or 

I absence of DNA synthesis. Region Bla encodes proteins 

| 20 involved in tha regulation of expression of other early 

f genes, and is also involved in transformation. The RNA 

transcripts are capped (with m 7 G s ppp 9 N) and polyadenylated 
in tha nucleus before being transferred to the cytoplasm 
for translation. 

25 Viral DNA replication requires the . terminal 

protein, TP, as veil as virus-encoded DNA polymerase and 
other viral and host proteins. TP is synthesized as an 
8 OK precursor, pTP, which binds covalantly to nascent 
replicating DNA strands. pTP is cleaved to the mature 
i 30 55K TP late in virion assembly; possibly at this stage, 

! pTP reacts with a dCTP molecule and becomes covalently 

bound to a dCMP residue, the 3' OR of which is believed 
to act as a primer for the initiation of DNA synthesis. 
Late gene expression, resulting in the synthesis of 
35 ' vira-1 structural proteins, is accompanied by the 
cessation of cellular protein synthesis, and virus 



assembly nay result in the production of up to 10 s 
virions par coll. 

GgMINIVIRPSEg 

Geminiviruses are a group of small, single-stranded 
DNA-containing plant viruses with virions of unique 
morphology. Each virion consists of a pair of isometric 
particles (incomplete icosahedra) , composed of a single 
type of protein (molecular weight about 2.7-3.4 x 10*). 
Each geminivirus virion contains one molecule of 
circular, positive-sense, single-stranded DNA. In some 
geminiviruses (i.e., cassava latent virus and bean 
golden mosaic virus) , the genome appears to be 
bipartite, containing two single-stranded ONA molecules 
which are of similar size, but differ as to nucleotide 
sequence. However, other geminiviruses (i.e., the leaf- 
hopper transmitted viruses such as chlorla striate 
mosaic virus) , have only one type of single-stranded 
DNA. Geminivirus replication occurs in the plant cell 
nucleus where large aggregates of virus particles 
accumulate. 

The nucleotide sequence of any suitable virus can 
be derived from a viral nucleic acid by modifying the 
coat protein coding sequence. The modification may be 
the removal of a coding sequence for at least a part of 
the viral coat protein. Alternatively, the nucleotide 
sequence can be synthesized such that it lacks at least 
a part of the viral coat protein coding sequence. A 
sufficient amount of the coding sequence is removed such 
that any coat protein which may be produced by the . virus 
will be incapable of encapsidating the viral nucleic 
acid. In addition, the coat protein coding sequence may 
be modified by mutation such that the coat protein which 
is produced is incapable of encapsidating the viral 
nucleic acid. In each instance, as non-biological ly 
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funetional. protein is produced. In soma instances, part 
of the gene Bay ba naeasaary for good promoter activity. 
If to, than tha antira gene should not ba dalatad. In 
order to ba aaaily transmissible to othar plants, tha 
nucleotide saquanea oust ba encapsidated in a compatible 
coat protein aa described further below. Tha viral 
nucleic acid may further ba modified to altar tha coding 
sequence for any viral transmissibility factors. The 
alteration of tha coding sequences for these factors 
10 will ensure that tha nucleotide sequence cannot be 

transmitted by othar vectors, e.g. by insects. 

The nucleotide sequence is prepared by cloning the 
viral nucleic acid in an appropriate production cell. 
If the viral nucleic acid is DNA, it can be cloned 
j 15 directly into a suitable vector using conventional 

• techniques. One technique is to attach an origin of 

j . replication compatible with the production call to the 

viral DNA. If tha viral nucleic acid is RNA, a full- 
length OKA copy of the viral genome is first prepared by 
20 vail known procedures. For example, the viral RNA is 

transcribed into DNA using reverse transcriptase to 
produce subgenomic DNA pieces, and a double-stranded DNA 
made using DNA polymerases. The DNA is then cloned into 
appropriate vectors and cloned into a production cell. 
25 Tha DNA pieces are mapped and combined in proper 

sequence to produce a full-length DNA copy of the viral 
RNA genome. The coding sequences for the viral coat 
protein and any viral transmissibility factors are 
identified and altered. The resulting nucleotide 
j! '30 sequence is self-replicating but incapable of infecting 

host itself. Any manner of separating the coding 
sequences for the viral coat protein and the coding 
se'.?uences for the viral transmissibility factors from 
the remainder of the viral nucleotide sequence or of 
35 altering the nucleotide sequences of these proteins to 
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produce non-biologically functional proteins is suitable 
for the present invention. 

Zn tha eaaa of alphaviruses, the 21 and E2 
glycoprotaina nay play a rola in transmissibility of tha 
5 virus (Garaff, H. at al., HaiUTfl 223., 236 (1980)). 

These glycoproteins are incorporated in a liquid 
h envelope which surrounds the coat protein. The 

nucleotide sequence which codes for the El and E2 
■ glycoproteins is adjacent to the coding sequence for the 
10 coat protein in alphavirus RNA. Therefore the El and E2 

glycoprotein coding sequences can be removed with the 
coat protein coding sequence by known conventional 
techniques. 

A second feature of the present invention is a 
15 chimeric nucleotide sequence which comprises a first 

nucleotide sequence and a second nucleotide sequence. 
The first sequence is capable of self-replication, is 
not capable of transmission and has substantial sequence 
homology to a viral nucleotide sequence, as described 
20 above. The second sequence is capable of being trans- 

cribed in a host. The second sequence is preferably 
placed adjacent a viral promoter, although a fusion 
protein may be produced which also has biological 
activity. Any viral promoter can be utilized, but it is 
25 preferred to use a promoter of the viral coat protein 

gene, at least a part of the coding sequence of which 
has been deleted. In those instances where the coat 
protein coding sequence is altered but not deleted, a 
viral promoter can be attached to the second sequence by 
conventional techniques or the second sequence can be 
inserted into or adjacent the coat protein coding 
sequence such that a fusion protein is produced. The 
second sequence which is transcribed may be transcribed 
as an RNA which is capable of regulating the expression 
of a phenotypic trait by an anti-sense mechanism. 
Alternatively, the second sequence in the chimeric 
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nucleotide sequence may be transcribed and translated in 
the host* e.g., plant tissue, to produce a phenotyplc 
trait. The second nucleotide sequence nay also code for 
the expression of more than one phenotyplc trait. The 
chimeric nucleotide sequence is constructed using 
conventional techniques such that the second nucleotide 
A v sequence is in proper orientation to the viral promoter. 

[1::: Useful phenotyplc traits in plant cells include, 

but are not limited to, improved tolerance to 
10 herbicides, improved tolerance to extremes of heat or 

cold, drought, salinity or osmotic stress; improved 
resistance to pests (insects, nematodes or arachnids) or 
diseases (fungal, bacterial or viral); production of 
enzymes or secondary metabolites; male or female 
15 sterility; dwarf ness; early maturity; improved yield, 

vigor, heterosis, nutritional qualities, flavor or 
processing properties, and the like. Other examples 
include the production of important proteins or other 
products for commercial use, such as lipase, melanin, 
20 pigments, antibiotics and the like. Another useful 

phenotyplc trait is the production of degradative or 
inhibitory enzymes, such as are utilized to prevent or 
inhibit root development in malting barley. The pheno- 
typlc trait may also be a secondary metabolite whose 
25 production is desired in a bioreactor. 

In the case of animal cells, useful phenotyplc 
traits include, but are not limited to, the ability to 
grow in culture, the elimination of the characteristic 
of attaching; to a substrate when grown in culture, 
30 enhanced immune response, minimization of inappropriate 

immune responses such as autoimmune reactions, more 
efficient metabolism, increased fat and lipid metabolism 
for the production of leaner meats, replacement of 
deficient enzymes and better utilization of feed. Like 
35 plant cells, other examples of useful phenotyplc traits 

for animal cells include the production of important 
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proteins or other product* for commercial use, such as 
lipase, melanin, pigments, antibiotics, tissue 
plasminogen activator (TPA) , human growth hormone and 
tha like, or a sacondary natabolita whose production is 
5 dasirad in a bioreactor. 

An axanpla of a chimeric nucleotide sequence is one 
which contains a first nucleotide sequence having sub- 
stantial sequence homology to TMV and a second 
nucleotide sequence which is a coding sequence for 
10 tyrosinase. In a second example, the virus is oat 

mosaic virus (OMV) or rice necrosis virus (RNV) . OMV 
and RNV are capable of infecting most monocot species 
including, but not limited to, barley and corn. In a 
third example, the second nucleotide sequence is the 
15 coding sequence for cyclodextrin glucanotransf erase. 

Potato virus Y (PVY) or potato virus X (PVX) is used in 
a fourth example. Zn a fifth example, a chimeric 
nucleotide sequence contains a first nucleotide sequence 
having substantial sequence homology to gemini tomato 
20 . golden mosaic virus (TGMV) , and a second nucleotide 

sequence which codes for human tissue plasminogen 
activator (t-PA) . t-PA is isolated from plasmid pt- 

PAtrpl2, ATCC NO. 40404 (U.S. Patent 4,766,075). TGMV 

is capable of infecting a wide variety of both 
25 dicotyledonous and monocotyledonous plants including 

tobacco, tomato, bean, soya bean, sugar beet, cassava, 
cotton, maize, oats and wheat. Many other examples are 
illustrated herein. 

The second nucleotide sequence can be inserted into 
30 the first nucleotide sequence prepared above such that 

it is adjacent a viral promoter. Since the location of 
the promoter of the viral coat protein gene is known in 
this sequence as a result of the deletion of the gene, 
the. second nucleotide sequence can be placed adjacent 
35 this promoter. Alternatively, an appropriate viral 

promoter can first be attached to the second nucleotide 
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sequence and this construct can than be. inserted aithar 
into tha first nuclaotida saquanca or ad j scant thereto. 
Zn addition, tha aacond nuclaotida sequence can ba 
inaartad into and adjacant an altered coat protein 
coding aaquanca. 

A. doubla-atrandad DNA of tha chiaaric nuclaotida 
I. saquanca or of a complementary copy of tha chiaaric 

nuclaotida saquanca ia cloned into a production call. 
Zf tha viral nuclaic acid ia an RNA nolacula, tha 
11 10 chiaaric nuclaotida saquanca is first attachad to a 

proaotar which is compatible with tha production call. 
Tha chiaaric nuclaotida saquanca can than ba clonad into 
any suitable vector which is compatible with the 
production call. Zn this manner, only RNA copies of tha 
15 chiaaric nuclaotida saquanca ara produced in the 

production call. Por example, if tha production call is 
E. coll . the lae proaotar can ba utilized. Zf tha 
production call is a plant call, tha CaMV proaotar can 
ba used. The production call will be a eukaryotic call 
20 such as yeast, plant or animal, if viral SNA must be 

capped for biological activity. The chiaaric nucleotide 
sequence can than ba clonad into any suitable vector 
which is compatible with the . production cell. 
Alternatively, the chiaaric nucleotide sequence is 
25 inserted in a vector adjacent a proaotar which is 

compatible with the production cell. If the viral 
nuclaic acid is a DNA molecule, it can be cloned 
directly into a production cell by attaching it to an 
origin of replication which is compatible with the 
30 production cell. Zn this manner , DNA copies of the 

chimeric nucleotide- sequence are produced in the 
production cell. 

Zn the case of alphaviruses, where the El and E2 
glycoproteins and the coat protein are removed r a larger 
35 foreign protain coding sequence aay be inserted to form 

' the chimeric nucleotide sequence. The El and E2 
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glycoproteins do not have their own promoters, so the 
coat protein promoter would be used for a foreign coding 
sequence inserted in place of the adjacent coding 
sequences for the coat protein, El glycoprotein and E2 
5 glycoprotein. 

Alternatively, more than one foreign coding 
sequence nay be inserted in place of the adjacent coding 
sequences for the coat protein. El glycoprotein and El 
glycoprotein. However, in this case, each foreign 
10 coding sequence would require its own appropriate viral 

promoter • However, the coat protein promoter could be 
used for one foreign coding sequence if that promoter 
had been preserved in the nucleotide sequence. 

A promoter is a DNA sequence that directs RNA 
15 polymers to bind to DNA and to initiate RNA synthesis. 

There are strong promoters and weak promoters. Among 
the strong promoters are lacuvS, trp, tac, trp-lacuv5 , 
Ap lf ompF, and bla. A useful promoter for expressing 
foreign genes in Z± col* is both strong, and regulated. 
20 The APi promoter of bacteriophage A is a strong, well- 

■ regulated promoter. Hedgpeth, J.M. et al. Mol ; Gen . 
p: Qsnstx. 161, 197 (1978); Bernard, H. M. et al. Gene s . 59 

(1979); Remaut, E.P. et al., Gene 15. 81 (1981). 

A gene encoding a temperature-sensitive x repressor 
25 such as xclts 857 may be included in the cloning vector. 

Bernard et al., supra . At low temperature (31*C) , the 
p x promoter is maintained in a repressed state by the cl- 
gene product. Raising the temperature destroys the 
activity of the repressor. The p x promoter then directs 
30 . the synthesis of large quantities of mRNA. In this way, 

fio. call production cells may grow to the desired 
concentration before producing the products encoded 
within the vectors. Similarly, a temperature-sensitive 
promoter may be activated at the desired time by 
35 adjusting the temperature of the culture. 
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Zt nay be advantageous to assemble a plasmid that . ( 
can conditionally attain very high copy numbers. For 
example, the pAS2 plasmid containing a lftfl or tafl 
promoter will achieve very high copy numbers at 42 *C. 
The lac repressor, present in the pAS2 plasmid is then 
inactivated by isopropyl-l-D-thiogalactoside to allow 
synthesis of mRNA. 

A further alternative when creating the chimeric 
I nucleotide sequence, is to prepare more than one 

10 nucleotide sequence (i.e., prepare the nucleotide 

f sequences necessary for a multipartite viral vector "•: 

construct) . In this case, each nucleotide sequence 
would require its own origin of assembly. 2ach 
} nucleotide sequence could be chimeric (i.e., each 

15 nucleotide sequence has a foreign coding sequence 

inserted therein) , or only one of the nucleotide 
sequences may be chimeric. ; 

If a multipartite virus were found to !*ave the | 
coding sequence for its coat protein on one strand of | 
20 nucleic acid, and the coding sequence for a 1 

y transm±8sibility factor on a different strand, then two 

| chimeric nucleotide strands would be created in 

I accordance with the invention. One foreign coding 

sequence would be inserted in place of the coat protein 
I 25 gene (or inserted next to the altered coat protein gene) 

j on one strand of nucleic acid , and another foreign 

t coding sequence would be inserted in place of the ' 

transmissibility factor gene (or inserted next to the 
altered transmissibility factor gene) on the other 
30 strand of nucleic acid. 

I Alternatively, the insertion of a foreign coding 

: sequence into the nucleotide sequence of a monopartite 

virus may result in the creation of two nucleotide 
i sequences (i.e., the nucleic acid necessary for the 

I 35 creation of a bipartite viral vector) . This would be an 

" advantageous situation when it is desirable to Keep the 
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replication and translation of the foreign coding 
sequence separata from the replication and translation 
of some of the coding sequences of the original 
nucleotide sequence. Each nucleotide sequence would 
have to have its own origin of assembly. 

A third feature, of the present invention is a virus 
or viral particle. The virus comprises a chimeric 
nucleotide sequence as described above which has been 
encapsidated. The resulting product is then capable of 
10 infecting an appropriate host, but the chimeric nucleo- 

tide sequence is incapable of further infection since it 
lacks the mechanism to produce additional virus or viral 
particles. However, the chimeric nucleotide sequence is 
capable of replicating in the host. The chimeric 
15 nucleotide sequence is transcribed and/or translated 

within the host to produce the desired product. 

Most viruses are encapsidated by either an 
icosahedral capsid, a spherical capsid or a rod-shaped 
caps id. Plant viruses such as the tobacco mosaic virus 
20 are commonly encapsidated by a rod-shaped capsid, while 

alphaviruses are encapsidated by an icosahedral capsid. 
f. The icosahedral capsids and the spherical capsids 

are more geometrically constrained than a rod-shaped 
capsid, and therefore are more limited as to the amount 
25 of nucleic acid which may be encapsidated. In contrast, 

a rod-shaped capsid is expandable so that it can 
encapsidate any amount of nucleic acid as explained in 
European Patent Application 0 278 667. 

In one embodiment of the present invention, the 
30 chimeric nucleotide sequence is encapsidated by a 

heterologous capsid. Most commonly, this embodiment 
will make use of a rod-shaped capsid because of its 
ability to encapsidate a longer chimeric nucleotide 
sequence than the more geometrically ' constrained 
35 icosahedral capsid or spherical capsid. The use of a 

;.. rod-shaped capsid permits the incorporation of a larger 
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foreign protein coding sequence to fora the chimeric 
nucleotids sequence, such a rod-shaped capsid is most 
advantagsous whsn mora than ons forsign coding sequence 
is prsssnt in ths chimeric nucleotide sequence. 
5 Another feature of the invention is a vector 

containing ths chimeric nucleotide sequence as described 
above. Ths chimeric nucleotide sequence is adjacent a 
nucleotide sequence selected from ths group consisting 
of a production call, promoter or an origin of 

10 replication compatible with the production call. The 

vector is utilized to transform a production call, which 
will then produce the chimeric nucleotide sequence in 
quantity. Ths production cell may be any call which is 
compatible with ths vector. The production call may be 

15 prokaryotic or sukaryotic. However, if the viral RNA 

(chimeric nucleotide sequence) must be capped in order 
to be active, then the production cell must be. capable 
of capping the viral RNA, such as a eukaryotic 
production cell. The production cell may contain only 

20 the vector which contains the chimeric nucleotide 

sequence. In this instance, the production cell will 
only produce the chimeric nucleotide sequence which must 
then be encapsidated In vitro to produce an infective 
virus. The encapsidation is accomplished by adding a 

25 compatible viral coat protein to the chimeric nucleotide 

sequence in accordance with conventional techniques. In 
this scenario, the viral coat protein would be produced 
in a second production cell. A second vector comprising 
a coding sequence for a compatible viral coat protein 

30 adjacent a promoter compatible with the production cell 

is utilized to transform the second production cell. 
The second production cell then produces the viral coat 
protein in quantity. 

As explained above, the viral coat protein produced 

35 by the second production cell may be homologous or 

heterologous to the viral nucleotide sequence. The 
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viral coat protein must be compatible with the chimeric 
nucleotide sequence and of auf f icient aire to eomplataly 
aneapaidata tha chimeric nuclaotida aaquanca. 

Alternatively, tha first production call further 
contains a second vector which comprises a coding 
It sequence for a compatible viral coat protein adjacent a 

j promoter compatible with the production cell. Again, 

I this coding sequence for the viral coat protein may be 

; homologous or heterologous to the viral nucleotide 

10 sequence. In this instance, the production cell then 

I produces the coat protein and the chimeric nucleotide 

sequence. The chimeric nucleotide sequence is then 
encapsidated by the viral coat protein to produce a 
transmissible virus. The second vector is prepared by 
conventional techniques, by inserting the coding 
sequence for the -viral coat protein which was deleted in 
the preparation of tha chimeric nuclaotida aaquanca, or 
a homologous or heterologous viral coat protein coding 
sequence into an appropriate vector under the control of 
20 e promoter compatible with the production cell. 

There are numerous alternatives whereby different 
vectors are utilised to transform separate production 
cells or the same production cell. With most viruses, 
it is unknown whether transmissibility factors alone are 
25 essential for the infect ivity of a virion or whether the 

ji transmissibility factors simply serve as an adjunct to 

| the capsid, and therefore enhance virion infect ivity, 

}.' but do not prevent infection if not present on the 

I virion. For purposes of this invention (i.e., to insure 

30 non-inf ectiousness of the viral vector) , it has been 
I assumed that the transmissibility factors alone could 

l;' render the viral vector infectious, and therefore the 

v vector comprising the chimeric nucleotide sequence will 

contain neither a nucleotide sequence for the capsid 
35 protein nor a nucleotide sequence for any 

transmissibility factor. 
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However, this vector comprising the chimeric 
nucleotide sequence oust contain a promoter and an 
origin of replication, and preferably contains an origin 
of assembly. As stated above, this vector is utilized 
5 to transform a production cell. The origin of 

replication must be compatible with the production cell. 

The other necessary vector or vectors may be varied 
primarily dependent on the virus of interest. If the 
• viral nucleotide sequence for the capsid protein is 
10 adjacent the nucleotide sequence for the 

transmissibility factors, and the sequences share the 
same promoter (as in the case with alphaviruses) , a 
second vector comprises the sequence for the capsid 
protein, the sequence for the transmissibility factors 
15 and a promoter. This second vector may optionally 

contain the origin of assembly if the origin of assembly 
has not been incorporated in the first vector. When 
this vector is utilized to transform a production cell, 
the origin of assembly must be compatible with that 
20 production cell. 

Alternatively, the second vector may comprise the 
nucleotide sequence for the capsid protein , and a 
promoter, and a third vector may comprise the nucleotide 
sequence for the transmissibility factors and a 
25 promoter. Either the second or third vector could 

further comprise the origin of assembly which would have 
to . be compatible with the production cell to be 
transformed by the vector. 

With any of the alternative embodiments, each 
30 vector may be utilized to transform its own production 

cell, or all of the vectors may be utilized in one 
production cell. All of the promoters associated with 
each vector must also be compatible with the production 
cell in which the vector is utilized. 
35 As previously discussed, a prokaryotic production 

cell can be transformed to contain a vector containing 
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th* coat protein coding sequence or any othar coding 
sequence nacasaary for inf activity of. tha virus. 
Altarnativaly, . tha prokaryotic production call or a 
eukaryotie production call ia transformed such that tha 
coding sequences for tha coat protain and 
transmission ity factors (if necessary) ara stably 
incorporated into tha genome of tha call. Several 
conventional techniques can be utilizad to accomplish 
this embodiment. For example, appropriate coding 
0, aequences can ba inserted into plant calls . by 

transformation with Aorobacterium. such as described by 
Schell, J. at al., Blo/Tachnoloqv ±, 175 (1983); 
Fillatti, J. at al., Bio/Technology a, 726 (1987); 
I Everett, H.P. at al., Blo/Tachnoloov 1201 (1987); 

|5 Pua, E-C, Bio/Technoloav S. 815 (1987); Hinchea, M. A. , 

I at al., Bio/Technoloav 6. 915 (1988) and Math. Enzvmol . 

I Vol. 118, AUBCA. Acrrobacterium have also been utilizad 

for introducing viruses into plants, both dicots and 
monocots by a process termed Agro-infection. This 
6 technique has been described by Grimsley, N. , at al., 

Proc. Natl. Acad. Sci. PSA fil, 3282 (1986) ;. Elmer, J.S. 
}• • «t al., Plant Mol Biol 10. 225 (1988); Grimsley, N. et 

I al., MaJaiEfi 177 (1987); and Hayes, R.J. at al., 

\ Hfl&lXS 221, 180 (1988) . 

15 Alternatively, the appropriate coding sequence can 

be inserted into aukaryotic cells by direct gene 
transfer including electroporation, calcium chloride or 
polyethylene glycol mediated transformation, liposome 
r .;■ fusion microinjection or microprojectile bombardment. 
0 These techniques have been described by Fromm, M.E., 

Math, EnZVmol 151, 307 (1987); Shillito, R.D. et al/, 
Mfith. Engymol 151, 283 (1987); Dehayes, A., et al., e mbo 
11, 2731 (1985); Negrutin, R. et al., Plant Mol Biol £, 
363 (1987); Reich, T.J. et al., Bio/Technolocrv A. 1001 
15 (1986); Klein, T.M. et al., Bio/Technology £, 559 
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(1988)) McCabe, D.E. at al. . Bio/Technology £, 923 
(1988). 

A production call which has been transformed will 
contain the coat protein and/or transaissibility factors 
coding sequence (s) either in a stable vector or stably 
incorporated in the genome. The vector containing the 
chimeric nucleotide sequence is then introduced into the 
. production cell as previously discussed. 

Once the chimeric nucleotide sequence is replicated 
and the capsid protein and transmissibility factors have 
been produced by the appropriate production cells, the 
intact virions may be assembled In vitro . The 
replicated chimeric nucleotide sequence is encapsidated 
by the capsid protein in accordance with known 
5 conventional techniques. The transmissibility factors 

f may be added to the virion assembly separately when a 

third vector is used to cause the production of 
transmissibility factors separate from the capsid 
protein. Alternatively, if a single second vector was 
0 used to cause the production of both capsid protein and 

transmissibility factors (as is usually the case with 
alphaviruses) , then the In vitro virion assembly is 
complete upon encappidation of the chimeric nucleotide 
sequence. • 

5 , A further feature of the present invention is a 

t host which has been infected by the virus. After 

introduction into a host, the host contains the chimeric 
nucleotide sequence which is capable of self-replication 
but which is not capable of producing additional 

0 transmissible viruses or viral particles. The host can 
be infected with the virus by conventional techniques. 
Suitable techniques include, but are not limited to, 
leaf abrasion, abrasion in solution, high velocity water 

1 spray and other injury of a host as well as imbibing 
5 host seeds with water containing the chimeric nucleotide 
| sequence alone or the encapsidated virus. Although the 
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chimeric nucleotide sequence is not capable of producing 
infective agents. It is capable of self -replica ting and 
spreading throughout the host, e.g. if the host is a 
plant or animal. 
5 An alternative method for introducing a chimeric 

nucleotide sequence into a plant host is a technique 
known as agroinf action or Aarobacterium -nediatad 
transformation (sometimes called Agro-infection) as 
described by Grimsley, N. et al.. Nature . 325 . 177 
10 (1987). This technique makes use of a common feature of 

Aarobacterium which colonize plants by transferring a 
portion of their ONA (the T-DNA) into a host cell, where 
it becomes integrated into nuclear DNA. The T-DNA is 
defined by border sequences which are 25 base pairs 
15 long, and any DNA between these border sequences is 

fti' transferred to the plant cells as well. The insertion 

of a chimeric viral nucleotide sequence between the T- 
DNA border sequences results in transfer of the chimeric 
sequence to the plant cells, where the chimeric sequence 
20 is replicated, and then spreads systemically through the 

plant. Agro- infection has been accomplished with potato 
spindle tuber viroid (PSTV) (Gardner, R.C. et al.. Plant 
| , Mol. Biol. £, 221 (1986)), cauliflower mosaic virus 

R (CaKV) (Grimsley, N. et al., Proc. Natl. Acad, set. 

25 O.S.A. 83. 3282 (1986)), maize streak virus (Grimsley, 

\ \ N. et al., H&fcuxfi 12£, 177 (1987) and Lazarowitz, S.G., 

Nucl. Acids ilea. 16. 229 (1988)), digitaria streak virus 
(Donson, J. et al., Viroooloqv 162. 248 (1988)), wheat 
dwarf virus (Hayes, R.J. et al., J. Gen. Virol. 891 
30 (1988)) and tomato golden mosaic virus (TGNV) (Elmer, 

J.S. et al.. Plant Mol. Biol. lp_, 225 (1988) and 
Gardiner, W.E. et al., embo j. 2# 899 (1988)). 
Therefore, agro-infection of a susceptible plant could 
be accomplished with a virion containing a chimeric 
35 nucleotide sequence based on the nucleotide sequence of 

any of the above viruses. 
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Sevsral viral products are useful to insure ths 
«r production and spread of viral nuclaic acids. Ons 

factor is a rspllcass which is involvsd in ths 
rsplication of ths viral nuclsic acid. A second factor 
3 which nay be present is termed hsrsin a transport 

protein. This protein (s) is (are) involvsd in ths 
movement of ths viral nuclsic acid from infected cells 
to adjacsnt cells and thus, ths spread of ths viral 
nuclsic acid throughout ths production or host cell, 
10 tissus or organism. In . order to insure suitable 

\ replication and spread of ths viral vector, an 

: additional embodiment of the prsssnt invsntion includes 

ths stable transformation of ths host or production 
cell, tissus or organism with a coding sequence for 
15 viral replicase, a viral transport protein- or both. The 

transformation, including stable integration into the 
{ genome of ths production cell or host, is accomplished 

T . &s described above concerning ths coat protein gene. 

In an additional embodiment of ths invsntion, ths 
20 host range of a virus* is enlarged so that a viral 

construct, i.s. , chimeric nuclsic acid, containing 
'p different foreign gsnss may be ussd in many different 

1^, . hosts. Ths host range of ths virus is enlarged by 

]}t transforming ths host (or production cell sines it will 

25 also work in this context) to contain parts of viral 

material useful in enabling infection of ths host by the 
viral construct . For animal or bacterial hosts, the 
hosts ars transformed to contain coding sequence (s) for 
the host cell receptors recognized by the virus. 
30 Alternatively, ths virus can be produced to contain 

I coding sequences of the recognition or binding proteins 

of ths host. For plant hosts, the hosts are transformed 
to contain the viral replicase gsns or transport protein 
f gene. Alternatively, the virus can be produced to 

| 35 / contain coding sequences for transport proteins capable 
, of functioning in the host. In addition, it is possible 
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to transform protoplasts of the host plant to contain 
the viral nucleic acid or parts thereof such that all 
cells of the regenerated plants will be capable of 
h infection. This transformation is carried out by any of 

the techniques previously described. 

A still further feature of the invention is a 
process for the production of a specified product such 
as, but not limited to, an anti-sense R"\, a ribozyme, 
a protein, an enzyme or a complex biomolecule. Such 
10 products include those discussed above. The second 

nucleotide sequence of the chimeric nucleotide sequence 
comprises the transcribable sequence vhich leads to the 
production of the desired product. This process 
involves the infection of the appropriate host with a 
15 virus, such as those described above, the growth of the 

infected host to produce the desired product and the 
isolation of the desired product, if necessary. The 
growth of the infected host is in accordance with 
conventional techniques, as is the isolation of the 
20 resultant product. 

In one example, a tyrosinase coding sequence such 
as isolated from S tract omvees antlbioticua is inserted 
adjacent the promoter of the viral coat protein of a 
nucleotide sequence derived from TMV, oat mosaic virus 
25 (OMV) or rice necrosis virus (RNV) in which the coat 

protein coding sequence has been removed. A virus is 
prepared as described above using the resulting chimeric 
nucleotide sequence. Tobacco or germinating barley is 
infected with the appropriate virus. The chimeric 
30 nucleotide sequence self -replicates in the plant tissue 

to produce the enzyme tyrosinase. Alternatively, the 
tyrosinase coding sequence is inserted into other 
appropriately . modified viral nucleic acid. The 
resultant virus is used to infect the appropriate host 
35 and tyrosinase is produced. The activity of this enzyme 
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l«ads to the production of melanin. See for example. 
Rubor, M. et al., Blochenlatgy 24. 6038 (1985) . 

In a second example, a cyclodaxtrin 
glucanotransf erase coding sequence, such as isolated 

S from Bacillus an. No. 17-1 (see U.S. Patent 4,135,977) 

is inserted adjacent the promoter of the viral coat 
protein of a nucleotide sequence derived from OMV, 
RNV, PVY or PVX in which the . coat protein coding 
sequence has been removed. A virus is prepared as 

0 described above using the resulting chimeric nucleotide 

sequence. Corn or potato is infected with the 
appropriate .'virus. The chimeric nucleotide sequence 
. self-replicates in the plant tissue to produce the 
enzyme cyclodaxtrin glucotransf erase. The activity of 

5 this enzyme leads to the production of cyclodextrin, 

which is useful as flavorant or for drug delivery. 

EOMELES 

The following examples further illustrate the 
present invention. In these examples, enzyme reactions 

0 were conducted in accordance with the manufacturer *s 

recommended procedures unless otherwise indicated. 
Standard techniques such as those described in Maniatis, 
T. et al., SUBTA? Math. In Bngvnol. Vol. 68, 100, 101, 
118, 152-155, fljJEEa; and DMA Cloning . Vol. I, II, III, 

5 supra , were utilized for vector constructions and 

transformation unless otherwise specified. 

EXAMPLE 1 

Preparation of Chimeric TMV DNA 
Comprising Tyrosinase Gene in Place 
10 of the Coat Protein Gene 

The 1.2 kb tyrosinase gene, was derived from the 
pZJ702 streptomyces plasmid (available to the public) 
using a SacI/PVUZZ cut. It was inserted into the 
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SacI/EcoRV sit* of the Stratagana bluascript vactor 
(KS), which is 2.9 kb in sise. Tha resulting plasmid 
was maintained as pBGHO (4.1 kb) . Tha tyrosinase gana 
waa removed from 'pBGUO by a SacX/RindZZZ cut and 
1 5 insartad into pUC19 (2.7 kb) giving pBGllS (3.9 kb) . 

Tha tyrosinase gana was ranovad from pBGllS by a 
EcoRI/HindZZZ cut and insartad into tha Stratagana 
bluascript vactor (KS+* 2.9 kb) giving pB6120 (4.1 kb) . 
Tha tyrosinase gana was ranovad fron pB6120 with a 
10 XhoZ/Snal cut arid XhoZ linkers ware added to tha SnaZ 

and. This tyrosinase gene with XhoZ ends was inserted 
/ into the XhoZ site of the Stratagana bluascript vector 

i (KS+; 2.9 kb) to give pB6130 (4.1 kb) . Since there is 

an unwanted PstZ site carried over in a poly-linker 
13 region, the pBG130 was nodified by removing some of the 

non-coding bases and the poly-linker region. This was 
k performed using a Hindi II/ Sad digest to release the 

tyrosinase from pBG130, then treating the 1.2 kb 
fragment with ExoZZZ to digest approximately 200 bases 
20 from the RindZZI 3* end. After blunting the ends with 

l ' . T« DNA Polymerase, XhoZ linkers were added and the 1.0 kb 

F. fragment was inserted into the Stratagana bluascript 

| vector (Ks+? 2.9 kb) giving pB6132. The 1.0 kb 

f.-- tyrosinase gene was inserted into p803 (6.3 kb) , which 

25 is a 3.6 kb subclone of the TKV plasmid, pS3-28 

I (available from w. o. Dawson, University of California, 

• Riverside), in pUC19, giving plasmids pBG21 and pB622 

(depending on the direction of the tyrosinase gene; 7.3 
kb each). The plasmid S3-28 (11.1 kb) is a clone of TMV 

30 that has had the coat protein gene removed with an XhoZ 

f 

site at that position. Dawson, H. o. et al., 
{ Phytopathology 2ft, 783 (1988) . A NcoI/EcoRV cut of the 

pB62l and pBG22 released a 2.4 kb fragment containing 
the tyrosinase gene. This fragment replaced a 1.4 kb 
35 piece in pS3-28 that had been removed. The resulting 

plasmids, pB623 and pB624 (depending on the direction of 
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the tyrosinase gene; 12.1 kb each) wars tha final DNA 
constructions that vara used to make infectious RNA that 
were introduced into tobacco plants to introduce a mRNA 
for tyrosinase. This mRNA can be detected using 
5 northern blot procedures. 

exampu; a 

Preparation of Chimeric TMV DNA Comprising 
GUS Gene in Place of the Coat Protein Gene 

The 1.8 kb GUS gene was derived from the pRAJ275 
10 (4.5 kb; Clontech Laboratories) using a EcoRZ/Kcol cut. 

The sticky ends were filled in using the Rlenow 
I; . fragment. XhoX linkers were added and the fragment was 

f. ; ' - inserted into the Stratagene bluescript vector (KS+) , 
which 'is 2.9 kb in size. The resulting plasmid was 
15 maintained as pBG150 (4.7 kb) . Using the techniques of 

Example 1, this GUS gene with the Xhol linkers was moved 
into the p803, giving pBG25 and pBG26 (depending on the 
direction of the GUS gene; 8.1 kb each). A SalZ/Kcol 
cut of the pBG25 and pBG2 6 released a 3.8 kb fragment 
20 containing the GUS gene. These fragments replaced a 2.0 

kb piece in pS3-28 that had been removed. The resulting 
plasmids, pBG27 and pBG28 (depending on the direction of 
the GUS gene; 12.9 kb each) were the final DNA 
constructions that were used to make infectious RNA that 
25 vere introduced into tobacco plants to introduce a mRNA 

for the GUS gene. This mRNA can be detected using 
northern blot procedures. The activity of the GUS 
enzyme is also detectable. 
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Preparation of Chimeric THV DNA Comprising 
GUS/Coat Protain Gene in Place of tha THV 
Coat Protain Gana 



Tha 1.8 kb GUS gana from pBGlSO (4.7 kbk), 
described in Example 2 abova, vaa uaad for thia 
construction. A Patl/Ncol cut of p33-3 ralaaaad a 0.7 
J . ' kb fragment that contains a portion of tha 3* and and a 

„ portion of tha 5' and of tha THV coat protain gana. Tha 

10 plasmid p35-5 (H.3 kb) ia a clona of THV that has had 

most of tha coat protain gana removed and contains an 
XhoZ site at tha sita vhara tha internal portion of tha 
coat protain gana is removed. Dawson, W. o. at al., 
Phytopathology ZA» 783 (1988). This 0.7 kb fragment 
15 replaced a 0.5 kb piece in p803 that had bean removed, 

giving pBG29 (6.5 kb) . The 1.8 kb GUS gene was inserted 
into the XhoZ sita of pBG29, giving pBG31 and pBG32 
t (depending on tha direction of the GUS/coat protain 

' fusion gana; 8.3 kb each). A Sall/Ncol cut of tha pBG31 

20 and pBG32 released a 4.0 kb fragment containing the 

GUS/coat protain fusion gene. These fragments replaced 
a 2.0 kb piece in pS3-28 that had been removed. The 
resulting plasmids, pBG33 and pBG34 (depending on the 
direction, of the GUS/coat protein fusion gene; 13.1 kb 
25 each) vera tha final DNA constructions that were used to 

make infectious SNA. pBG33, pBG34 and pS3-28 (as 
control) are transcribed into RNA which is used to 
infect tobacco plants by rubbing on the plants the RNA, 
y an abrasive and a RNase inhibitor. Spots are noted on 

30 the plants indicating a successful infection. The 

|H infected plant tissue is macerated and fluorescence 

p: examined. Tissue infected with pS3-28 did not fluoresce 

| whereas tissue infected with either pBG33 or pBG34 did 

t fluoresce. 

t 

! 
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Preparation of a /fon-Transmissible 
TMV Nucleotide Sequence 
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A full-length DNA copy of the TMV genome ia 
prepared and inserted into the Pat I alte of pBR322 aa 
described by Davaon, W.O. at al., Proc. Mat. Acad. Scl. 
USA S2. f 1832 (1986). The viral coat protein gene ia 
located at position 5711 of the TMV genome adjacent the 
30k protein gene. The vector containing the DNA copy of 
the TMV genome la digested with the appropriate restric- 
tion enzymee and exonucleaaea to delete the coat protein 
coding sequence. For example, the coat protein coding 
sequence is removed by a partial digestion with Cla l and 
Hail, followed by relegation to reattach the 3* -tail of 
the virus. Alternatively, the vector is cut at the 3' 
end of the viral nucleic acid. The viral DNA is removed 
by digestion with fial31 or exonucleaae ZIZ up through 
the start codon of the coat protein coding sequence. A 
aynthetic DNA sequence containing the sequence of the 
viral 3* -tail is then ligated to the remaining 5 '-end. 
The deletion of the coding sequence for the viral coat 
protein ia confirmed by isolating TMV SNA and using it 
to infect tobacco plants. The isolated TMV RNA is found 
to be non-infective, i.e. biologically contained, under 
natural conditions. 

EXAMPLE 5 

Preparation of a Non-Transmissible 
OMV Nucleotide Sequence 



30 



A full-length DNA copy of the OMV genome is 
prepared as described by Dawson, W.O. at al., (1986), 
sjuuca* The vector containing the DNA copy of the OMV 
genome is digested with the appropriate restriction 
enzymes or suitable exonucleases such as described in 
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Example 4 to delete the coat protein coding sequence. 
The deletion of the coding sequence for the viral coat 
protein is confirmed by isolating OMV RNA and using it 
to infact garminating barlay plants. Tha isolated OMV 
RMA is found to ba biologically contained under natural 
conditions. 

exampu; 6 

Preparation of a Non-Transmissible 
RNV Nucleotide Sequence. 

1 10 . A full-length DNA copy of the RNV genome is 

prepared as described by Dawson, W.o. et al., (1986)., 
fiupxa. The vector containing the DNA copy of the RNV 
genome is digested with the appropriate restriction 
enzymes or suitable exonucleases such as described in 
15 Example 4 to delate the coat protein coding sequence. 

The deletion of the coding sequence for the viral coat 
protein is confirmed by isolating RNV RNA and using it 
to infact germinating barley plants. The isolated RNV 
RNA is found . to be non- infective under natural 
20 conditions 

EXAMPLE 7 



J 



Preparation of a Non-Transmissible 
PVY or PVX Nucleotide Sequence 

A full-length DNA copy of the PVY or PVX genome is 
J 25 prepared as described by Dawson, W.O. et al., (1986), 

SUBE&* The vector containing the DNA copy of the PVY or 
. PVX genome is digested with the appropriate restriction 
enzymes or suitable exonucleases such as described in 
Example 4 to delete the coat protein coding sequence. 
30 The deletion of the coding sequence for the viral coat 

| protein is confirmed by isolating PVY or PVX RNA and 
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u»ing it to Infect potato plants. The isolated PVY or 
pvx SNA is found to be biologically contained under 
natural conditions. 

EXAMPLE 8 

5 Preparation of Chimeric Nucleotide Sequence 

Containing the Tyrosinase Coding Sequence 

The coding sequence for tyrosinase is isolated from 
StrTOtgCQCCAW antlblotlcua. by digestion with Bfiil 
followed by 5*-exonuclease digestion to the start codon. 

10 Alternatively, a restriction site is engineered adjacent 

the start codon of the tyrosinase coding sequence by 
site-directed oligonucleotide mutagenesis. Digestion 
with the appropriate restriction enzyme yields the 
coding sequence for tyrosinase. The. fragment containing 

15 the tyrosinase coding sequence is isolated and cloned 

adjacent the promoter of the viral coat protein gene in 
the vectors prepared in Examples 4, 5 and 6. 

EXAMPLE 9 

Preparation of Virus Containing Tyrosinase 

20 A lambda P, promoter is attached to the chimeric 

nucleotide sequence of Example 8 in accordance with the 
technique described in Dawson, W.O. et al. , (186), 
fiUBIA* The resulting vector is used to transform £. 
SOU, the production cell in this instance. 

25 A second vector is prepared by inserting the viral 

coat protein coding sequence, isolated in Examples. 4, 5 
or 6, adjacent the lajs promoter in the vector pSR322. 
This vector is used to transform the production cells 
having a vector with, the corresponding compatible 

30 chimeric nucleotide sequence. The production cells are 
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grown and the resultant viruses are isolated. 

Alternatively, the second vector is used to transform a 

second strain of £. coll which produces the coat 

protein.. The coat protein and viral vector are then 

combined to form the virus. 

EXAMPLE 10 
Production of Melanin 

The viruses isolated in Example 9 are used to 
f infect tobacco plants (viruses based on TMV) or 

10 germinating barley plants (viruses based on OMV or RNV) . 

f The infected plants are grown under normal growth 

conditions. The plants produce tyrosinase which reacts 

with' the components present in the plant tissue to 
1 produce intermediates which are converted to melanin 

15 within the plant tissue or after the plant tissue, is 

lysed. The melanin is isolated by conventional 

techniques. 



1> ! Preparation of a Chimeric Nucleotide 

|0 Sequence Containing a Beta Cyclodextrin 

Glucahotransf erase Coding Sequence 



The coding sequence for beta cyclodextrin gluco- 
transf erase is isolated from alkalophilic Bacillus sp. 
strain No. 38-2 in the following manner. 
25 The chromosomal DNA of strain No. 38-2 (Hanamoto, 

T. et al., Aoric. Biol. Cham. $1, 2019 (1987)) is 
partially cleaved with £au3AI and the fragments are 
ligated in BflffiHI -digested pBR322. A transformant 
carrying plasmid pCS115, which contains a 3.2 kb DNA 
fragment from the genome of the producing strain, has 
the CGT activity. The CGT "produced by this transformant 
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. gives on* line of precipitation which fuses completely 
with that for the Mo. 38-2 CGT by an Ouchterlony double- 
diffusion tost. The nucleotide sequence of the fragment 
is found by the dideoxy chain tormination reaction 
(Sanger, P. et al., Proc. itafc. Acad. «<H . m»i 74, 5463 
(1977)) using pUC19, and the exonuclease deletion method 
(Henifcoff, S., fiejift 21, 351 (1984)). The nucleotide 
sequence of the fragment shows a single open reading 
frame corresponding to the CGT gene. A protein with a 
*, 10 molecular mass of 66 JcDal could be translated from this 

open reading frame of 1758 bp. Por the detailed 
nucleotide sequence, see Hanamoto, T. et al., supra . 

The sequence of the M-terminal amino acids of the 
I extracellular form of CGT is found with a peptide 

} 15 sequencer. NH 2 -Ala-Pro-Asp-Thr-Ser-Val-Ser-Asn-Lys-Gln- 

I Asn-Phe-Ser-Thr-Asp-Val-Ile is identical to that deduced 

\ from the DNA sequence (residues 1 to 17), This result 

suggests that 27 amino acid residues (residues -27 to - 
1) represent a signal peptide which is removed during 
I 20 secretion of CGT. The molecular weight of the matured 

CGT calculated from the DNA sequence is 63,318. 

A probe is prepared based on a portion of the amino 
acid sequence of cyclodextrin glucanotransf erase and 
used to isolate the coding sequence for this enzyme. 
25 Alternatively, the beta cyclodextrin glucotransferase 

coding sequence is isolated following reverse 
transcription. The fragment containing the coding 
sequence is isolated and cloned adjacent the promoter of 
the viral coat protein gene in the vectors prepared in 
30 Examples 5, 6 or 7. 
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f EXAMPLE 12 

Preparation of Virus Containing a 
Cyclodextrin Glucanotransferase Coding Sequence 

A lambda P» promoter is attached to the chimeric 
I nucleotide sequence of Example 8 in accordance with the 

technique described in Davson, W.o. et al., (1986), 
I 1UJ2TA. The resulting vector is used to transform £. 

I coll . the production cell in this instance. 

•' A second vector is prepared by inserting the viral 

10 coat protein coding sequence , isolated in Examples 5, 6 

[ or 7, adjacent the lac promoter in the vector pBR322. 

I This vector is used to transform the production cells 

i ■ ' 

1 having a vector with the corresponding compatible 

chimeric nucleotide sequence. The production cells are 

15 grown and the resultant viruses are isolated. 



EXAMPLE 13 

Production of Cyclodextrin 

The viruses isolated in Example 12 are used to 
infect corn plants (viruses based on OMV or RNV) or 
potato plants (viruses based on PVY or PVX) . The 
infected plants are grown under normal growth 
conditions. The plants produce cyclodextrin 

glucotransferase which catalyzes the conversion of 
starch to cyclodextrin in the plant tissue. The 
cyclodextrin is isolated by conventional techniques. 
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EXAMPLE 14 

Preparation of. a Chimeric Nucleotide 
Sequence of THV and Chloramphenicol 

5 Acetyltransferase 

A non-transmissible THV nucleotide sequence 
(pTKVS3-28) is prepared as described in Example 4. A 
chimeric nucleotide sequence containing the 
chloramphenicol acetyl transferase (CAT) gene Substituted 

10 for the previously removed coat protein gene (S3-CAT-28) 

is then prepared. 

The CAT gene is removed from pCNl (Pharmacia) with 
Sal i and ligated into the nucleotide sequence from 
Example 4 which has been cleaved by Xho I. This 

15 construction produces pTMVS3-CAT-28 from which the 

mutant cp S3-CAT-28 is transcribed. Correct sequence 
and orientation is confirmed by sequencing as described 
by Sagursky, R.J. et al., gene Anal, TCChnol. 1, 89 
(1985). 

20 This chimeric DNA sequence is then transcribed 

using the PM promoter (Ahlquist, P. et al., Mol. Cell 
Biol . ±, 2876 (1*84)) and RNA polymerase of £j. coli 
(Dawson, W.O. et al..Proc. Wat. Acad. Sci. PSA. ££, 
1832 (1986)) to produce infectious chimeric RNA. The 
25 inf ectivity is assayed by grinding leaves in cold 1% 

sodium pyrophosphate buffer, pH9.0, plus 1% bentonite 
and 1% Celite with immediate inoculation. 
Alternatively, the inf ectivity may be assayed using 
phenol-extracted RNA in the same buffer (Dawson, W.O., 
30 Virology . 22, 319 (1976)). 

The chimeric RNA is found to replicate effectively 
in tobacco leaves. The RNA can be propagated serially 
from plant to plant or may be stored after phenol 
extraction. However, no virions are produced in the 
35 infected plants. 



The chimeric RNA fails to produce a band during 
SDS-PAGE that can be positively identified as 
chloramphenicol acetyltransf erase. However, functional 
enzyme activity can be detected in plant extracts that 
acetylated ^-chloramphenicol with acetyl CoA. 

EXAMPLE 15 

Preparation of a Virus Containing 
Chloramphenicol Acetyltransferase 

A lambda P t promoter is attached to the chimeric 
nucleotide sequence of Example 14 in accordance with the 
technique described by Dawson, W. o. et al., Proc. Mat. 
Acad, scl. o.s.A. £2, 1832 (1986) . The resulting vector 
is used to transform the production cell, coli 

A 'second vector is prepared by inserting the viral 
coat protein coding sequence (isolated in Example 4), 
adjacent the las promoter in the vector pBR322. This 
vector is used to transform the fij. coli production cells 
having the first vector with the chimeric nucleotide 
sequence. The production cells are grown, and the 
resultant viruses are isolated. Alternatively, the 
second vector is used to transform a second strain of £. 
SQll which produces the coat protein. The. coat protein 
-and viral vectors are then combined to form the virus. 

EXAMPLE 16 

Production of Chloramphenicol 
Acetyltransferase 

The viruses isolated in Example 15 are used to 
infect tobacco plants. The Infected plants are grown 
under normal growth conditions. The plants produce the 
enzyme, chloramphenicol acetyltransferase, which is 
isolated from the plants using conventional techniques. 



EXAMPLE 17 



Preparation of a Non-Infective 
Eastern Equine Encephalomyelitis Virus 
Nucleotide Sequence 

A full-length cDNA copy of the Eastern Equine 
Encephalomyelitis Virus (EEEV) genome is. prepared and 
inserted into the £s£X site of pUC18 as described by 
Chang, G-J. J. et al., J. can, viral , r 2 129 (1987). 
The sequence for the viral coat protein and its adjacent 
El and E2 glycoprotein transmissibility factors are 
located on the region corresponding to the 26S RNA 
region. The vector containing the cDNA copy of the EEEV 
genome is digested with the appropriate restriction 
enzymes and exonucleases to delete the coding sequence 
of the coat protein and the El and E2 proteins 
(structural protein coding sequence) . 

For example, the structural protein coding sequence 
is removed by partial digestion with Mbol. followed by 
religation to remove a vital portion of the structural 
gene. Alternatively, the vector is cut at the 3» end of 
the viral structural gene. The viral DNA is 
sequentially removed by digestion with Bal3l or 
Micrococcal si nuclease up through the start codon of 
the structural protein sequence. The DNA sequence 
containing the sequence of the viral 3 • -tail is then 
ligated to the remaining 5 '-end. The deletion of the 
coding sequence for the structural proteins is confirmed 
by isolating EEEV RNA and using it to infect an equine 
cell culture. The isolated EEEV RNA is found to be non- 
infective under natural conditions. 

Alternatively only the coding sequence for the coat 
protein is deleted and the sequence for the El and E2 
glycoproteins remain in the vector containing the cDNA 
copy of the EEEV genome, in this case, the coat protein 
coding sequence is removed by partial digestion with 
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Mbo i followed by religation to reattach the 3' -tail of 
the virus. This will remove a vital portion of the coat 
protein gene. 

A second alternative method for removing only the' 
coat protein sequence is to cut the vector at the 3 '-end 
of the viral coat protein gene. The viral DMA is removed 
by digestion with B&131 or Micrococcal SI nuclease up 
through the start codon of the coat protein sequence. 
The synthetic DNA sequence containing the sequence of 
the 3 '-tail is then liga ted to the remaining 5 '-end. 

The deletion of the coding sequence for the coat 
protein is confirmed by isolating EEEV RNA and using it 
to infect an equine cell culture. The isolated EEEV RNA 
is found to be non-infective under natural conditions. 

EXAMPLE 18 

Preparation of a Non-Transmissible 
Sindbis Virus Nucleotide Sequence 

A full-length cNDA copy of the Sindbis virus genome 
is prepared and inserted into the Saal site of a plasmid 
derived from pBR322 as described by Lindquist, B.H. et 
al., virology . 151 . 10 (1986). The sequence for the 
viral coat protein and the adjacent El and E2 
glycoprotein transmissibility factors are located on the 
region corresponding to the 26S RNA region. The vector 
containing the cONA copy of the Sindbis virus genome is 
digested with the appropriate restriction enzymes and 
exonucleases to delete, the coding sequence for the 
structural proteins. For example , the structural 
protein coding sequence is removed by partial digestion 
with Bin l. followed by religation to remove a vital 
portion of the structural gene. Alternatively, the 
vector is cut at the 3' end of the viral nucleic acid. 
The viral DNA is removed by digestion with £a131 or 
Micrococcal SI nuclease up through the start codon of 



the structural protein sequence. The synthetic DNA 
sequence containing the sequence of the viral 3' -tail is 
then ligated to the remaining 5* -end. The deletion of 
the coding sequence for the structural proteins is 
confirmed by isolating Sindbis RNA and using it to 
infect an avian cell culture. The isolated Sindbis RNA 
is found to be non-infective under natural conditions. 

Alternatively only the coding sequence for the coat 
protein is deleted and the sequence for the El and E2 
glycoproteins remain in the vector containing the cDNA 
copy of the sindbis genome. in this case, the coat 
protein coding sequence is removed by partial digestion 
with AIlii followed by religation to reattach the 3»- 
tail of the virus. 

A second alternative method for removing only the 
coat protein sequence is to cut the vector at the 3* -end 
of the viral nucleic acid. The viral DNA is removed by 
digestion with £al31 or Micrococcal SI nuclease up 
through the start codon of the coat protein sequence 
(the same start codon as for the sequence for all the 
structural proteins). The synthetic DNA sequence 
containing the sequence of the 3 •-tail is then ligated 
to the remaining 5* -end. 

The deletion of the coding sequence for the coat 
protein is confirmed by isolating Sindbis RNA and using 
it to infect an avian cell culture. The isolated 
Sindbis RNA is found to.be non-infective under natural 
conditions. 
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EXAMPLB 1Q 

Preparation of a Non-Transmissible 
Western Equine Encephalomyelitis 
Virus Nucleotide Sequence 

A full-length cONA copy of the Western Equine 
Encephalomyelitis Virus (WEEV) genome is prepared as 
described by Hahn, c.S. et al., Proc. weti. Acad. a e i. 
2SA £2, 5997 (1988). The sequence for the viral coat 
protein and its adjacent El and E2 glycoprotein 
transmiasibil ity factors are located on the region 
corresponding to the 26S RNA region. The vector 
containing the cONA copy of the WEEV genome is digested 
with the appropriate restriction enzymes and 
exonucleases to delete the coding sequence of the .coat 
protein and the El and E2 proteins (structural protein 
coding sequence) . 

For example, the structural protein coding sequence 
is removed by partial digestion with Naci r followed by 
religation to remove a vital portion of the structural 
protein sequence. Alternatively, the vector is cut at 
the 3» end of the structural protein DNA sequence. The 
viral DMA is removed by digestion with Bal3i or 
Micrococcal Si nuclease up through the start codon of 
the structural protein sequence. The DMA sequence of 
the viral 3 • -tail is then ligated to the remaining 5«- 
end. The deletion of the coding sequence for the 
structural proteins is confirmed by isolating WEEV RNA 
and using it to infect a Vero cell culture. The 
isolated WEEV RNA is found to be non-infective under 
natural conditions. 

Alternatively only the coding sequence for the coat 
protein is deleted and the sequence for the El and E2 
glycoproteins- remain in the vector containing the cDNA 
copy of the WEEV genome, in this case, the coat protein 



coding sequence is removed by partial digestion with 
flaiAX followed by religation to reattach ths 3* -tail of 
the virus. 

A second alternative method for removing only the 
coat protein sequence is to cut the vector at the 3* -end 
of the viral coat protein sequence. The viral DNA is 
removed by digestion with Bftl31 or Micrococcal SI 
nuclease up through the a vital portion of the coat 
protein sequence. The DNA sequence containing the 
sequence of the 3 '-tail is then ligated to the remaining 
3»-end. 

The deletion of the coding sequence for the coat 
protein is confirmed by isolating WEEV RNA and using it 
to infect a vero cell culture. The isolated WEEV RNA is 
found to be non-infective, i.e. biologically contained, 
under natural conditions. 

EXAMPLE 2Q 

Preparation of Chimeric Nucleotide Sequence 
Containing the Tyrosinase Coding Sequence 

The coding requence for tyrosinase is isolated as 
described in Example 8, and cloned adjacent the promoter 
of the viral coat protein gene in the vectors prepared 
in Examples 17, 18 and 19. 

EXAMPLE 21 

Preparation of Virus Containing Tyrosinase 

A promoter is attached to the chimeric nucleotide 
sequence of Example 2<k v in^acfcordance with conventional 
techniques. The resulting vector is used to transform 
the production cell which is yeast in this instance. 



A ■•cond vector is prepared by inserting the viral 
structural protein coding sequence, isolated in Exanplaa 
17, 18 and 19, adjaeant tha AOCZ pronotar in tha vaoter 
PAHS (Ammerer, G., Math. Bngvmoi. ifll, 192 (1983)). 
This vacter is usad to transform tha production calls 
having a vector with tha conpatibla chimeric nuclaotida 
aaquanca. Tha production calls ara grown and tha 
rasultant virusas ara isolatad. Alternatively, tha 
aacond vactor is usad to transform a second strain of 
yaast which producas tha structural proteins. The 
structural proteins and the viral vactor ara then 
combined to form tha virus. 

EXAMPLE n 

Preparation of Melanin in vitro 

Tha viruses isolated in Example 21, made by tha 
combination of chimeric nuclaotida sequence and coat 
protein ara used to infect equina call cultures (virusas 

based on EEEV and WEEV) or avian cell cultures (viruses 
based on Sindbis virus). The infected cell cultures are 
grown under normal cell culture growth conditions. The 
calls produce tyrosinase which reacts with the 
components present in the cells to produce intermediates 
which are then converted to melanin. The melanin is 
isolated by conventional techniques. 

example 23 

Preparation of Melanin in vivo 

The viruses isolated in Example 21, made by the 
combination of chimeric nucleotide sequence and 
structural proteins (coat protein, El glycoprotein and 
E2 glycoprotein) are used to infect horses (viruses 



based on EEEV and WEEV) or chickens (viruses based on 
Sindbis virus). The infected animals are maintained 
under normal conditions (i.e. feeding, exercise, sleep 
etc.) the animals produce tyrosinase which reacts with 
components present in the animals to produce 
intermediates which are then converted to melanin. The 
melanin is isolated by conventional techniques. 

gxAMPij; a* 

Preparation of a Chimeric Nucleotide 
Sequence Containing Human Tissue 
Plasminogen Activator (t-PA) Coding Sequence 

The coding sequence for human tissue plasminogen 
activator is isolated from plasmid pt-PAtrpl2, ATCC No. 
40404 (U.S. Patent 4,766,075) and cloned adjacent the 
promoter of the viral coat protein gene in the vectors 
prepared in Examples 17, 18 or 19. 

EXAMPLE 2S 

Preparation of Virus Containing a 
Coding Sequence for Human t-PA 

A virus containing the coding sequence for human t- 
PA is prepared in accordance with the procedures 
described in Example 21. 

example ** 
Preparation of Human t-PA in vitro 

The viruses isolated in Example 25, made by the 
combination of chimeric nucleotide sequence and coat 
protein are used to infect equine cell cultures (viruses 
baaed on EEEV and WEEV) or avian cell cultures (viruses 



baaed on Sindbis virus) . The infected cell cultures are 
grown under normal cell culture growth conditions. The 
cells produce human t-PA which is isolated by 
. conventional techniques. 

EXAMPLE 27 

Preparation of Human t-PA in vivo 

The viruses isolated in Example 23, made by the 
combination of chimeric nucleotide sequence and 
structural proteins (coat protein. El glycoprotein and 
E2 glycoprotein) are used to infect horses (viruses 
based on EEEV and WEEV) or chickens (viruses based on 
Sindbis virus). The infected animals are maintained 
under normal conditions (i.e. feeding, exercise, sleep 
etc.) The animals produce human t-PA which is isolated 
by conventional techniques 

EXAMPLE 28 

Preparation of a Non-Infective Human 
Rhinovirus 2 Nucleotide Sequence 

A full length cDNA copy of the human rhinovirus 2 
(HRV2) genome is prepared, and inserted into the Pst I 
site of plasmid pUC9 as described by Skern, T. et al«, 
Nucleic Aeida Res. : 12, 2111 (1985). The nucleotide 
sequence for the viral coat protein VPl is located at 
position 2644 of the genome. The vector containing the 
ONA copy of the HRV2 genome is digested with the 
appropriate restriction enzymes and exonucleases to 
delete the coat protein coding sequence. 

For example, the coat protein coding sequence is 
removed by partial digestion with an appropriate 
restriction endonuclease, followed by religation to 
remove a vital portion of the coat protein sequence. 



Alternatively, the vactor is cut at the 3' -end of the 
viral coat protein gene. The viral DNA is removed by 
digestion with £a131 or Micrococcal SI nuclease up 
through the start codon (promoter) of the coat protein 
sequence. The synthetic OKA sequence containing the 
sequence of the viral 3 '-tail is then ligated to the 
remaining 5 '-end. The deletion of the coding sequence 
for the coat protein is confirmed by isolating HRV2 RNA 
and using it to infect a human cell culture. The 
isolated HRV2 RNA is found to the non-infective under 
natural conditions. 

EXAMPLE 29 

Preparation of Chimeric Nucleotide Sequence 
Containing the Tyrosinase Coding Sequence 

The coding sequence for tyrosinase is isolated as 
described in Example 8, and cloned adjacent the promoter 
of the viral coat protein gene in the vectors prepared 
in Example 28. 

EXAMPLE 30 

Preparation of Virus Containing Tyrosinase 

A virus based on HRV2 containing a tyrosinase 
coding sequence is prepared as described in Example 21 
using the starting materials produced in Examples 28 and 
29. 

EXAMPLE 31 

Preparation of Melanin 

The viruses isolated in Example 30 are used . to 
infect human cell cultures. The infected cells produce 



tyrosinase which reacts with the components present in 
the human cells to produce intermediates which are then 
converted to melanin in the cells. The melanin is 
isolated by conventional techniques. 

EXAMPLE 32 

Preparation of a Chimeric Nucleotide 
Sequence Containing a Human t-PA 
Coding Sequence 

The coding sequence Cor human t-PA is isolated as 
described in Example 24, and cloned adjacent the 
promoter of the viral coat protein gene- in the vectors 
prepared in Example 28. 

EXAMPLE 33 

Preparation of Virus Containing a 
Coding Sequence for Human t-PA 

A virus containing the coding sequence for human t- 
PA is prepared in accordance with the procedures of 
Example 30. 

EXAMPLE 34 

Preparation of Human t-PA 

The viruses Isolated in Example 33 are used to 
infect human cell cultures. The infected cells are 
grown under normal growth conditions. The cells produce 
human t-PA which is isolated by conventional techniques. 
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gXMffLB 35 

Preparation of a Non-Infective Poliovirus 
Type 2 Nucleotide Sequence 

A full-length cDNA copy of the poliovirus type 2 
5 (PV2) genome is prepared, and inserted into the Hind u I 

site of plasmld pBR322 as described by Toyoda, H. et 
al., J. Mol. Biol.. 221, 561 (1984). The nucleotide 
sequence of the viral coat protein VPl is located at 
position 2499 of the genome. The vector containing the 

10 DNA copy of the PV2 genome is digested with the 

appropriate restriction enzymes and exonucleases to 
delete the coat protein coding sequence. It is 
important that the protease digestion sequences are left 

*/ ; . intact. 

IS For example, a part of the coat protein coding 

sequence is removed by partial digestion with an 
appropriate restriction endoniiclease, followed by 
religation to reattach the 3* -tail of the virus. The 
deletion of the coding sequence for the coat protein is 

20 confirmed by isolating PV2 RNA and using it to infect 

spinner-cultured ReLa S3 cells. The isolated PV2 SNA is 
found to be non-infective, i.e. biologically contained, 
under natural conditions. 

25 Preparation of Chimeric Nucleotide Sequence 

Containing the Tyrosinase Coding Sequence 

The coding sequence for tyrosinase is isolated as 
described in Example 8, and cloned adjacent the promoter 
of the viral coat protein gene in the vectors prepared 
30 in Example 35. 



EXAMPTJg 37 



Preparation of Virus Containing Tyrosinase 

A virus based on PV2 containing a coding sequence 
for tyrosinase is prepared as described in Example 21 

using the starting materials produced in Example 35 and . 
36. 

EXAMPU 38 

Preparation of Melanin 

The viruses isolated in Example 37 are used to 
infect spinner-cultured HeLa S3 cells. The infected 
cells produce tyrosinase which reacts with the 
components present in the cells to produce intermediates 
which are then converted to melanin in the cells. The 
melanin is isolated by conventional techniques. 

EX**™ 39 

Preparation of a Chimeric Nucleotide 
Sequence Containing a Human t-PA 
Coding Sequence 

The coding sequence for human t-PA is isolated as 
described in Example 24, and cloned adjacent the 
promoter of the viral coat protein gene in the vectors 
prepared in Example 35. 
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EXAMPLE 4Q 

Preparation of Virus Containing Human t-PA 
Coding Sequence 

A virus containing the coding sequence for human t- 
5 PA prepared in accordance with the procedures of Example 

37. 

41 

Preparation of Human t-PA 

The viruses of Example 40 are used to infect 
10 spinner-cultured HeLa S3 cells. The infected cells are 

grown under normal growth conditions. The cells produce 
human t-PA which is isolated by conventional' techniques. 

EXAMPLE 42 

Preparation of a Non-Infective 
17 Simian Virus 40 Nucleotide Sequence 

A full-length cDNA copy of the Simian virus 40 
(SV40) genome is prepared, and inserted into the Acc I 
site of plasmid pCW18 as described by WychowsJci , C. et 
al., J. Virol. 61 . 3862 (1987). The nucleotide sequence 

20 of the viral coat protein VP1 is located between 

position 1488 and 2574 of the genome. The vector 
containing the DNA copy of the SV40 genome is digested 
with the appropriate restriction enzymes and 
exonucleases to delete the coat protein coding sequence. 

25 Por example, the VPl coat protein coding sequence 

is removed by partial digestion with BamHI nuclease, and 
then treated with EcoR l. filled in with Klenov enzyme 
and recircularized. The deletion of the coding sequence 
for the coat protein VPl is confirmed by isolating SV40 



WO 89/08149 PCT/US89/00«93 

-67- 

RNA and using it to infect simian cell cultures. The 
isolated 8V40 SNA is found to be non- infective, i.e. 
biologically contained, under natural conditions. 

example da 

} Preparation of Chimeric Nucleotide Sequence 

Containing the Tyrosinase Coding Sequence 

The coding sequence for tyrosinase is isolated as 
described in Example 8, and cloned adjacent the promoter 
of the viral coat protein gene in the vectors prepared 
10 in Example 42 . . 

f EXAMPLE AA 

| Preparation of Virus Containing Tyrosinase 

I • 

\ A virus containing a tyrosinase coding sequence and 

| based on SV40 is prepared as described in Example 21. 

15 The chimeric nucleotide sequence of Example 43 and the 

I coat protein coding sequence isolated in Example 42 are 

; utilized. 

r 

f: • 

EXAMPLE 45 

Preparation of Melanin 



20 



The viruses isolated in Example 44 are used to 
infect simian cell cultures. The infected cells produce 
tyrosinase which reacts with the components present in 
the cells to produce intermediates which are then 
converted to melanin in the cells. The melanin is 
25 isolated by conventional techniques. 
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EXAMPLB 46 

Preparation of a Chimeric Nucleotide 
Sequence containing a Human t-PA 
Coding Sequence 

3 The coding sequence for cyclodextrin glucotransf er- 

ase is isolated as described in Example 24, and cloned 
adjacent the promoter of the viral coat protein gene in 
the vectors prepared in Example 42. 

EXAMPLE 47 

10 Preparation of Virus Containing 

Human t-PA Coding Sequence 



A virus containing the coding sequence for human t- 
PA is prepared in accordance with the procedures of 
Example 44 . 

15 EXAMPLE Aft 

Preparation of Human t-PA 

The viruses of Example 47 are used to infect simian 
cell cultures. The infected cells are grown under 
normal growth conditions. The cells produce human t-PA 
20 which is isolated by conventional techniques. 

EXAMPLE A9 

Transformation of Nicotiana Tobacum with 
Capsid Protein Gene 

The capsid protein of tobacco mosaic virus (TMV) is 
25 encoded by a nucleotide sequence between 5712 and 6190. 

A 3 '-untranslated region of the RNA genome extends to 
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nucleotide 6395. A double btranded (ds) complementary 
DNA (eDNA) of the cietron containing nucleotide 5701 to 
6395 and coding for capsid protein, is generated from 
THV-RNA using reverse transcriptase. The transcriptase 
contains an oligonucleotide primer which is 
complementary to an oligonucleotide sequence at the 3' 
. end of the viral UNA and contains a BamH I site. 

A Klenov fragment of DNA polymerase is used to 
synthesize the second DNA-strand. The Hind lll -BamH I 
10 fragment of cDNA is cloned into the plasmid pUC9 

(Viaira, J. et al., Qsda 11, 259 (1982)). The resulting 
plasmid is digested with Aialll at nucleotide 5707 
(Goelet, P. et al., Pros. Natl. Acad. Sci. HSA 79 . 5818 
(1982)) and with BamHI to remove the sequence for capsid 
15 protein. This fragment is ligated into the vector 

PMON237. 

PMON237 is a derivative of pNON200 (Horsch, R.B. et 
al., science 221, 1229 (1985)). This vector contains a 
198 CaMV promoter, a poly linker sequence and the 
20 sequence for nopal ine synthese (NOS) at the 3' end. 

Ligation occurs at the Xba l site which is made blunt, 
end at the Bam HI site. The capsid protein coding 
sequence is removed from the plasmid by digestion with 
J Xt&I and BamHI and given a Bal ll site at the 5' end and 

an ESfiRl site at the 3' end by transfer to a suitable 
plasmid. 

The Bgl H -Eco RI fragment is transferred into the 
expression cassette vector pMON316 between the CaMV 35S 
promoter and the NOS 3* untranslated region (Rogers, 
S.6. et al., in BioTechnoloov in Plant gel«*nc*A. 
Relevance to Agriculture in the Nineteen Eighties . M. 
Zaitlin, P. Day, A. Rollaender, Eds., Academic Press, 
N.Y., p. 219 (1986). The resulting chimeric gene 
contains the 35S promoter from CaMV and a 
polyadenylation signal from the NOS gene. The resulting 
plasmid is mated into Agrofrflcterjum, £umeXasisxiB.8train 
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CV 3111 carrying the disarmed pTi BGS3-SE plasmid 
(Fraley, R.T. at al. , BlaZlficJinfllflflX 2* «9 (1985)). A 
cointagrata plasmid results by raconbination batvaan LXH 
regions.' 

5 Transformed Ax tumafaciana are selected for 

antibiotic resistance. Selected colonies ara used to 
transform 1L. tobaeum leaf disks which ara than 
regenerated into whole plants (Horsch, R.B. at al., 
sjlEta; Abel, p.p. at al., Ssiansa 221, 738 (1986)). 

10 tumefaciana transformed with the sequence for 

TMV capsid protein la used as a production call. 
Likewise tobacco calls that hava baan transformed with 
the sequence for TMV capsid protain are used as - 
production cells for producing capsid protain monomers . 

15 or mult liners. Capsid protein numbers and timing of 

production can be controlled by methods well known in 
the arts (Maniatis, T. et al., sjipxaj . Proper selection 
of a temperature sensitive repressor and a strong 
promoter results in high copy numbers of plasmids and 

20 high translation rates only when desired. 

EXAMPLE SO 

Production of Encapsidated Virus Particles 

* 

Protoplasts of transformed tobacco cells obtained 
in the Example 49 are resuspended in a 0.5 M mannitol 

25 solution containing 12-30 nM MgCl 2 . A heat shock of 45»c 

for five minutes is given. The protoplasts are 
distributed in aliquots for transformation in centrifuge 
tubes, 0.3 ml of suspended protoplasts par tube. During 
the next 10 minutes the following are added. Plasmids 

30 obtained in Example 1 containing cONA coding for the TMV 

genome but missing the gene for capsid protein, and 
which contains a chimeric gene construct; and 
polyethylene glycol (PEG) solution (MW 6000, 40% (w/v) 
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r containing 0.1M Ca(NO,) a and 0.4M mannitolr pH 8-9 with 

f KOR) to give a final concantration of 20% PEG. Tha 

aliquots ara incubated for 30 minutes with occasional 
gentle shaking, and than tha protoplasts ara placed in 
S petri dishes (0.3 ml original protoplast suspension per 

6 cm diameter dish) and cultured. Encapsidated virus 
particles are isolated from the protoplasts using 
conventional techniques. 

Alternatively, the transformed plants produced in 
j 10 Example 49 are infected with virus nucleic acid, e.g. a 

j chimeric nucleotide sequence of Example 3. The nucleic 

[ acid is replicated and coat protein is produced which 

f encapsidates the nucleic acid. The encapsidated virus 

[ • . particles are isolated using conventional techniques. 

i: . 

I 1* example si 

Transformation of Micotiana 
Tobacum with Repl lease Gene 



ft 



Two replicase subunits of tobacco mosaic virus 
(TMV) are encoded by a nucleotide sequence between 70 
20 and 4919. The nucleotide sequence for the 130-kD 

protein terminates at an amber codon which can be 
suppressed to produce a 180-kD protein. A double 
stranded (ds) complementary DNA (cDNA) of the cistron 
containing nucleotides 70 to 4919 and coding for 
25 replicase, is generated from TMV-RNA . using reverse 

transcriptase. 

The transcriptase contains an oligonucleotide 
primer which is complementary to an oligonucleotide 
sequence at the 3» end of the viral RNA and contains a 
30 JBamHI site. A Klenow fragment of DNA polymerase is used 

to synthesize the second DNA-strand. The Hlndi n- BamH l 
fragment of cDNA is cloned into the plasmid pUC9 (Viera, 
J. et al., Gens 11, 259 (1982)) . The resulting plasmid 
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is digested with AIaXXX at nucleotide 4919 (Goalet, P. 
et al., Proe. Matl. Acad. Sel. OSA 79. 5818 (1982)) and 
with Bam HI to remove the sequence for caps id protein. 
This fragment is ligated into the vector pMON237. 
5 ' pMON237 is a derivative of pMON200 (Horsch, R.B. et al., 
Science 221, 1229 (1985)). This vector contains a 19S 
CaMV promoter, a polyl inker sequence and the sequence 
for nopaline synthase (NOS) at the 3' end. Ligation 
occurs at the Xba l site which is made blunt, and at the 

10 Bam HI site. The capsid protein coding sequence is 

removed from the plasmid by digestion with Xba l and 
fiamHX and given a Bol ll site at the 5* end and Eco RI 
site at the 3* end by transfer to a suitable plasmid. 
The £glXX-£ssRX fragment is transferred into the 

IS expression cassette vector, pM0N316 between the CaMV 35S 

promoter and the NOS 3* untranslated region (Rogers, 

S.G. et al., in BioTechnolocrv in Plant Science! 
Relevance to Agriculture in the Hinataan Blohtlas. M. 
Zaitlin, P. Day, A. Hollaender, Eds. , Academic Press, 
20 N.Y., p. 219, 1986). The resulting chimeric gene 

contains the 35S promoter from CaMV and a 
polyadenylation signal from the NOS gene. The resulting 
plasmid is mated into Acrrobacterlum tumefaciens strain 
GV 3111 carrying the disarmed pTi BGS3-SE plasmid 
25 (Praley, R.T. et al.. Bio Technology 3. 629 (1985)). A 

cointegrate plasmid results by recombination between LIH 
regions. Transformed A. tumefaciens are selected for 
antibiotic resistance. Selected colonies are used to 
transform 1L. tobacum leaf disks which are then 
30 regenerated into whole plants (Horsch, R.B. et al., 

flUETa, Abel, P.P. et al.. Science 221, 738 (1986)). 
The transformed hosts can be used as production cells or 
hosts for the infection with TMV based viruses. The 
stably incorporated rep li case will function to enhance 
35 replication of the viral nucleic acid. 



t 
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Transformation of Tobacco Calls 
with Transport Protain 

A nucleotide saquanca of TMV from nucleotide 4903 
to 5709 encodes a 30-kD protain which is implicated in 
facilitating call to call movement of the virus. Leaf 
disk calls - of 1L, tobaewii are transformed by 
AorobactarluiB carrying a cointegrate plaamid made by the 
method of Example 49. iohaom calls so transformed 
10 • are used as host calls for encapsidated daf active virus 
particles. 

While the invention has been described in 
connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications. 
This application is intended to cover any variations, 
uses or adaptations of the invention following, in 
general, the principles of the invention and including 
such departures from the present disclosure as come 
within known and customary practice within the art to 
which the invention pertains. 
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WHAT IS CLAIMED IS* 

1. A nucleotide sequence having substantial sequence 
homology to a viral nucleotide sequence which is 
capable of replication and is biologically 
contained* 

2 . The nucleotide sequence of claim 1 wherein said 
viral nucleotide sequence is a prokaryotic viral 
nucleotide sequence. 

3. The nucleotide sequence of claim 1 wherein said 
viral nucleotide sequence is a eukaryotic viral 
nucleotide sequence. 

4. The nucleotide sequence of claim 1 wherein said 
viral nucleotide sequence is a plant viral 
nucleotide sequence. 

5. The nucleotide sequence of claim 1 wherein said 
nucleotide sequence is selected from the group 
consisting of DNA, RNA and cDNA. 

6. The nucleotide sequence of claim 1 wherein said 
viral . nucleotide sequence lacks a biologically 
functional viral coat protein coding sequence. 

7. The nucleotide sequence of claim 6 wherein said 
viral nucleotide sequence further lacks a 
biologically functional viral transmissibility 
factor coding sequence. 

8. A chimeric nucleotide sequence comprising a first 
nucleotide sequence which has substantial sequence 
homology to a viral nucleotide sequence which is 
capable of replication and is biologically 
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j? contained, and a aecond nucleotide aaquanea which 

r is adjacant a viral promoter and which is a coding 

I aaquanea capabla of transcription in a host. 

i 

9. The chimeric nuclaotida sequence of claim 8 wherein 
aaid viral nucleotide sequence is a prokaryotic - 
viral nucleotide sequence. 

10. The chimeric nucleotide sequence of claim 8 wherein 
said viral nucleotide sequence is a eukaryotic 
viral nucleotide sequence. 

11. The chimeric nucleotide sequence of claim 8 wherein 
said viral nucleotide sequence is a plant viral 

7 nucleotide sequence. 

12. The chimeric nucleotide sequence of claim 8 wherein 
said chimeric nucleotide sequence is selected from 
the group consisting of DNA, rna and cONA. 

13. The chimeric nucleotide sequence of claim 8 wherein 
said viral nucleotide sequence lacks a biologically 
functional viral coat protein coding sequence. 

14. The chimeric nucleotide sequence of claim 13 
wherein said viral nucleotide sequence further 
lacks a biologically functional viral 
transmissibil ity factor coding sequence. 

15. The chimeric nucleotide sequence of claim 13 
wherein said viral promoter is a viral coat protein 
promoter. 

16. A virus comprising a chimeric nucleotide sequence 
which comprises a first nucleotide sequence which 
has substantial sequence homology to a viral 
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nucleotide sequence and which is capable of 
replication and is biologically contained, and a 
second nucleotide sequence which is adjacent a 
viral promoter and which is a coding sequence 
capable of transcription in a host. 

17 . The virus of claim 16 wherein said viral nucleotide 
sequence is a prokaryotic viral nucleotide 
sequence. 

18. The virus of claim 16 wherein said viral nucleotide 
sequence is a eukaryotic viral nucleotide sequence. 

19. The virus of claim 16 wherein said viral nucleotide 
sequence is a plant viral nucleotide sequence. 

20. The virus of claim 16 wherein said chimeric 
nucleotide sequence is selected from the group 
consisting of DNA, RNA and cDNA. 

21. The virus of claim 16 wherein said viral nucleotide 
sequence lacks a biologically functional viral coat 
protein coding sequence. 

22. The virus of claim 21 wherein said viral nucleotide 
sequence further lacks a biologically functional 
viral transmissibility factor coding sequence. 

23. The virus of claim 21 wherein said viral promoter 
is a viral coat protein promoter. 

24. A vector comprising a chimeric nucleotide sequence 
adjacent a nucleotide sequence selected from the 
group consisting of a production cell promoter and 
an origin of replication compatible with said 
production cell, said chimeric nucleotide sequence 
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comprising a first nucleotide sequence which has 
substantial sequence homology to a viral nucleotide 
sequence which is. capable of replication and is 
biologically contained, and a second nucleotide 
sequence which is adjacent a viral promoter and 
which is a coding sequence capable of transcription 
in a host. 



25. The vector of clain 24 wherein said viral 
nucleotide sequence is a prokaryotic viral 
nucleotide sequence. 

26. The vector of claim 24 wherein said viral 
nucleotide sequence is a oukaryotic viral 
nucleotide sequence. 

27. The vector of claim 24 wherein said viral 
nucleotide sequence is a plant viral nucleotide 
sequence. 

28. The vector of claim 24 wherein said chimeric 
nucleotide sequence is selected from the group 
consisting of DNA, RMA and cDNA. 

29. The vector of claim 24 wherein said viral 
nucleotide sequence lacks a biologically functional 
viral coat protein coding sequence. 

30. The vector, of claim 29 wherein said viral 
nucleotide sequence further lacks a biologically 
functional viral transmissibility factor coding 
sequence. 

31. The vector of claim 29 wherein said viral promoter 
is a viral coat protein promoter. 
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32. A production cell having a vector which comprises 
a chimeric nucleotide sequence adjacent a 
nucleotide sequence selected from the group 
consisting of a production cell promoter and' an 
origin of replication, compatible with said 
production cell, said chimeric nucleotide sequence 
comprising a first nucleotide sequence which has 
substantial sequence homology to a viral nucleotide 
sequence which is capable of replication and is 
I" biologically contained, and a second nucleotide 

sequence which is adjacent a viral promoter and 
which is a coding sequence capable of transcription 
c in a host. 

•V * * 

l. 33. The production cell of claim 32 wherein said viral 

[; nucleotide sequence is a prokaryotic viral 

nucleotide sequence. 

34. The production cell of claim 32 wherein said viral 
nucleotide sequence is a eukaryotic viral 
nucleotide sequence. 

35. The production cell of claim 32 wherein said viral 
nucleotide sequence is a plant viral nucleotide 
sequence. 

36. The production cell of. claim 32 wherein said 
chimeric nucleotide sequence is selected from the 
group consisting of DNA, RNA and cDNA. 



37. The production cell of claim 32 wherein said viral 
nucleotide sequence lacks a biologically functional 
viral coat protein coding sequence. 



38. The production cell of claim 37 wherein said viral 
nucleotide sequence further lacks a biologically 
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functional viral transmissibility factor coding 
aaquanca. 

39 . Tha production call of claim 37 wherein said viral 
promoter is a viral coat protein promoter. 

40. The production call of claims 32, 37 or 39 which 
further has a second vector which comprises a viral 
coat protein coding sequence adjacent a production 
cell promoter, said viral coat protein being 
compatible with said first nucleotide sequence and 
being biologically functional. 



) 41. The production cell of claims 32, 37 or 40 which 

s 

has been stably transformed to contain a coding 
^ sequence for a viral replicase useful for the 

replication of said chimeric nucleotide sequence. 

t ■ ■ 

42. The production cell of claim 32 or 37 which has 

< been stably transformed to contain a coding 

sequence for a viral coat protein compatible with 

said chimeric nucleotide sequence. 

| 43. The production cell of claim 42 which has been 
further stably transformed to contain a coding 
sequence for a viral replicase useful for the 
replication of said chimeric nucleotide sequence. 



44. The production cell off claim 32 or 37 which has 

r been further stably transformed to contain a coding 

J sequence for a viral transmissibility factor 

f compatible with said chimeric nucleotide sequence. 



| . . 45. The production cell of claim 44 which has been 
} further stably transformed to contain a coding 
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sequence for a repl lease useful for the replication 
of said chimeric nucleotide sequence. 



46. The production cell of claim 32 or 37 which has 
been stably transformed to contain a coding 
sequence for a viral coat protein and a viral 
transmissibility factor compatible with said 
chimeric nucleotide sequence. 

47. The production cell of claim 32 or 37 which has 
been stably transformed to contain coding sequences 
for a repl lease, a viral coat protein and a viral 
transmissibility factor compatible with said 
chimeric nucleotide sequence. 

48. The production cell of claim 37 which has been 
stably transformed to contain coding sequences for 
a repl lease, a viral coat protein and a viral 
transmissibility factor compatible with said 
chimeric nucleotide sequence. 

49. A host having a chimeric nucleotide sequence which 
comprises a first nucleotide sequence which has 
substantial sequence homology to a viral nucleotide 
sequence and which is capable of replication and is 
biologically contained, and a second nucleotide 
sequence which is adjacent a viral promoter and 
which is a coding sequence capable of transcription 
in said host. 

50. The host of claim 49 wherein said viral nucleotide 
sequence is a pr oka ryot ic viral nucleotide 
sequence. 

51. The host of claim 49 wherein said viral nucleotide 
sequence is a eukaryotic viral nucleotide sequence. 
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il • / 52. The host of claim 49 wherein said viral nucleotide 

pl;l sequence ia a plant viral nucleotide sequence. 

53. The host of claim 49 wherein said chimeric 

t 

f nucleotide sequence is selected from the. group 



r 



consisting of DNA, RNA and cDHA. 

34. The host of claim 49 wherein said viral nucleotide 
sequence lacks a biologically functional viral coat 



|: protein coding sequence. 



55. The host of claim 54 wherein said viral nucleotide 
sequence further lacXs a biologically functional 
viral transmissibility factor coding sequence. 

56. The host of claim 54 wherein said viral promoter is 
a viral coat protein promoter. 

57. The host of claim 49 which has been stably 
transformed to contain a coding sequence for a 
replicase useful for the replication of said 
chimeric nucleotide sequence. 

58. The host of claim 54 which has been stably 
transformed to contain a coding sequence for a 
replicase useful for the replication of said 
chimeric nucleotide sequence. 

59. A process for producing a product in a host which 
comprises (a) infecting a host with a virus 
comprising a chimeric nucleotide sequence which 
comprises a first -nucleotide sequence which has 
substantial sequence homology to a viral nucleotide 
sequence and which is capable of replication and is 
biologically contained, and a second nucleotide 
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sequence vhich is adjacent a viral promoter and 
which is a coding sequence for said product capabla 
of transcription in a host and (b) growing ths 
infsctad host, whereby said host produces said, 
product. 



1 

1 



60. A process of producing a product in a transgenic 
production organism or part thereof, said organism 
contains one or more coding sequences for (i) a 
viral replicase, (ii) a viral coat protein, (iii) 
a viral transmissibility factor or (iv) 
combinations thereof, said process comprises (a) 
infecting one or more cells of said organism with 
an infectious virus said virus comprising a 
chimeric nucleotide sequence which comprises a 
first nucleotide sequence which has substantial 
sequence homology to a viral nucleotide sequence 
and which is capable of replication and is 
biologically contained, and a second nucleotide 
sequence which is adjacent a viral promoter and 
vhich is a coding sequence for said product capable 
of transcription in a host and (b) growing the 
transgenic organism, whereby said transgenic 
organism produces said product. 

61. The process of claim 59 or 60 wherein said viral 
nucleotide sequence is a prokaryotic viral 
nucleotide sequence. 



62. The process of claim 59 or 60 wherein said viral 
nucleotide sequence is a eukaryotic viral 
nucleotide sequence. 



IE 



63. The process of claim 59 or 60 wherein said viral 
nucleotide sequence is a plant viral nucleotide 
sequence. 
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64* The process of claim 59 or 60 wherein said chimeric 
nucleotide sequence is selected from the group 
consisting of DNA, RNA and cDNA. 

65. The process of claim 59 wherein said viral 
nucleotide sequence lacks a biologically functional 
viral coat protein coding sequence. 

66. The process of claim 65 wherein said viral 
nucleotide sequence further lacks a biologically 
functional viral transmissibility factor' coding 
sequence. 

i\ 67. The process of claim 60 wherein said viral 
nucleotide sequence further lacks a biologically 
functional viral transmissibility factor coding 
1> sequence. 



68. The process of claim 60 wherein said viral promoter 
is a viral coat protein promoter. 

69. A product produced by the process of claim 59 
wherein said product is selected from the group 
consisting of biopolymers, hormones and enzymes. 

70. The product of claim 69 wherein said biopolymer is 
selected from the group consisting of melanin and 
cyclodextrin • 

71. The product of claim 69 wherein said enzyme is 
selected from the group consisting of tyrosinase, 
cyclodextrin gluconotransf erase and human tissue 
plasminogen activator. 



f wokjmms pct/usw/om» 

. ■ 
. . -84- 

y ' 

\ : 72 . The process of claim 66 wherein said viral promoter 

^ - is a viral coat protein promoter. 

73. The process of claim. 59 wherein said host has been 
stably transformed to contain a coding sequence for 
a repllcase useful for the replication of said 
chimeric nucleotide sequence. 

74. A product produced by the process of claim 73 
wherein said product is selected from the group 
consisting of biopolymers, hormones and enzymes. 

75. The product of claim 74 wherein said biopolymer is 
selected from the group consisting of melanin and 
cyclodextrin. 

76. The product of claim 74 wherein said enzyme is 
selected from the group consisting of tyrosinase, 

i cyclodextrin gluconotransf erase and human tissue 

| plasminogen activator. 

77. A transgenic organism or part thereof, comprising 
j cells which are host to a chimeric nucleotide 

sequence of an infectious virus and which contain 
a coding sequence for a viral replica se compatible 
with said chimeric nucleotide sequence, said virus 
comprising a chimeric nucleotide sequence which 
comprises a first nucleotide sequence which has 
substantial sequence homology to a viral nucleotide 
sequence and which is capable of replication and is 
biologically contained, and a second nucleotide 
sequence which is adjacent a viral promoter and 
which is a coding sequence capable of transcription 
in a transgenic organism; said transgenic organism 
capable of expressing one or more traits coded for 
by said chimeric ' nucleotide sequence. 



78. The transgenic organism of claim 77 wherein aaid 
viral nucleotide sequence ia a prokaryotic viral 
nucleotide sequence. 

79. Tha transgenic organism of claim 77 wherein said 
viral nuclaotida aaquanca is a eukaryotic viral 
nuclaotida sequence. 

80. Tha tranaganic organism of claim 77 wharain aaid 
viral nuclaotida saquanca is a plant viral 
nuclaotida aaquanca. 

81. Tha tranaganic organism of claim 77 wharain aaid 
chimeric nuclaotida saquanca is selected from the 
group consisting of DNA, UNA and cDNA. 

82. Tha transgenic organism of claim 77 wharain said 
viral nuclaotida saquanca further lacks a 
biologically functional viral transaissibility 
factor coding saquanca. 

83. Tha tranaganic organism of claim 77 wharain said 
viral promoter is a viral coat protein promoter. 
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